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ON " PSYCHOLOGY AS THE BEHAVIORIST VIEWS IT."

By E. B. TITCHENER.

{Read April 3, 1914.)

When we speak of a science, we have in mind a logically organ-

ized body of knowledge that has resulted from certain methods of

attacking the problems presented by a particular subject-matter.

The methods of science are all, in the last resort, observational ; the

problems of science are all, in the last resort, analytical. The sub-

ject-matter of a given science may be indicated in two different

ways: by a simple enumeration of objects, or by a characterization

of the point of view from which the science in question regards the

common subject-matter of all science, namely, human experience.

Thus we may say that our psychology will deal with such things as

perceptions, feelings, thoughts, or we may say that psychology, deal-

ing " in some sort with the whole of experience," is to be distin-

guished as " individualistic " from other sciences which are " uni-

versalistic." It is clear that a characterization of this kind, though

it necessarily transcends the limits of the science in order to show

how those limits are drawn, is far more satisfactory than a mere

list of objects; and psychology, these many years past, has there-

fore had recourse to it.^

1
J. Ward, "Psychology," Encyc. Brit., XX., 1886, 38 (and later) ; R. Ave-

narius, " Bemerkungen zum Begriff des Gegenstandes der Psychologie," Vjs.

f. wiss. Phil, XVIIL, 1894, 418; H. Ebbinghaus, " Grundzuge der Psych.," I.,

1897, 8 (and later editions). On the general subject, of. E. B. Titchener, " Psy-

chology: Science or Technology?", in Pop. Set. Mo., LXXXIV., 1914, 39 flf.

PROC. AMER. PHIL. SOC., LHI. 213 A, PRINTED JUNE I7, I9I4.
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Instead, however, of calling psychology with Ward the " science

of experience regarded objectively from the individualistic stand-

point," or with Avenarius the " science of experience in general, so

far as experience depends upon System C," or with Kiilpe the

"science of the facts of experience in their dependency upon ex-

periencing individuals," or something of that sort, we are accus-

tomed to speak of it as the " science of mind." No harm would be

done, if we and our readers always remembered what " mind," as

used in a scientific context, must mean. Harm begins at once when

we forget that scientific meaning, and start out from the common-

sense or traditional significance of the word; when we equate

"mind" with "consciousness," which we take as the equivalent of

" awareness," and when we set off a group of " conscious phenom-

ena" as the peculiar subject-matter of psychology. I do not think

that modern psychologists can fairly be charged with neglect of their

duty to correct these errors ; it seems to me, on the contrary, that

our leaders are painfully careful to set their house in logical order.

But habits of speech are inveterate, and common sense is extra-

ordinarily tenacious of life : small wonder, then, that misunder-

standings should arise. It is, for example, a misunderstanding that

has prompted the polemical paragraphs of Watson's recent articles

on what, I suppose, we must be content to call Behaviorism.

-

This doctrine, as set forth by Watson, has two sides, positive and

negative. On the positive side, psychology is required to exchange

its individualistic standpoint for the universalistic ; it is to be " a

purely objective experimental branch of natural science " in the

sense in which physics and chemistry are natural sciences.^ It is to

concern itself solely with the changes set up, by way of receiving

organ and nervous system, in muscle and gland.* It is differentiated

from its sister sciences of life partly by its special point of view,

partly by the goal which it strives to attain. The changes which it

2 J. B. Watson, " Psychology as the Behaviorist Views It," Psych. Rev.,

XX., 1913, 158 ff. (to be referred to in the future as A) ;
" Image and Aflfec-

tion in Behavior," Jour. Phil. Psych. Set. Meth., X., 1913, 421 flf. (to be re-

ferred to in the future as B).

3^, 158, 176 f.

* B, A27 f

.
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studies are to be approached from the point of view of adjustment

to environment; its categories are stimulus and response, heredity

and habit.^ Differentiation, however, is not to be understood as

separation; there is now no barrier between psychology and the

other " natural " sciences ; in the long run behavior will appear as a

matter of physical and chemical causation,*' while nevertheless, as

behavior, it is the subject-matter of the special science of psychology,

to be interpreted and arranged under the rubrics just mentioned.

The erection of this special science is both justified and made pos-

sible by the practical goal of behaviorism, which is the working out

of general and special methods for the control of behavior, the regu-

lation and control of evolution as a whole/

On the negative side, again, psychology is enjoined by the be-

haviorist to ignore, even if it does not deny, those modes of human

experience with which ordinary psychology is concerned, and in

particular to reject the psychological method of introspection.

" Consciousness in a psychological sense " may be dispensed with f

consciousness, in the sense of a tool or instrument with which all

men of science work, may be utilized by the new psychology without

scruple and without examination.^ Imagery, the " inner stronghold

of a psychology based on introspection," is denied outright; one of

Watson's "principal contentions" is "that there are no centrally

initiated processes. "^° And if consciousness may be dispensed with,

self-observation and the introspective reports that result from it are

to be treated in even more summary fashion ; they are to be " elimi-

nated."^^ There will be no real loss; for most of the essential prob-

lems with which psychology as an introspective science now con-

cerns itself are open to behaviorist treatment, and the residue may
" in all probability be phrased in such a way that refined methods in

behavior (which certainly must come) will lead to their solution.""

^ A, 167, 177.

6^,173,177.

''A, 158, 162, 168, 177.

8 A

.

161, 163, 175, 176 f

.

9.^,175,1/6.

105,423. The statement is qualified in a footnote; I return to the point

later.

" B, 428 ; A, 158, 163, 166, 170, 175.

12^,177; 5,428.
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Such, in outline, is "psychology as the behaviorist views it."

Watson, of course, goes into some amount of detail, offering illu-

stration and personal explanation, as well as attacking the method and

problems of current psychology. But before I follow him on these

various paths, I should like to record two general impressions that

the reading of bis articles has made upon me. The first impression

is that of their unhistorical character; and the second is that of their

logical irrelevance to psychology as psychology is ordinarily under-

stood.

I call the articles unhistorical because they give no hint that any

similar revolt against an established psychology had taken place

earlier in psychological history. Yet one need go no farther back

than Comte to find a parallel. Comte's rejection of introspection

has often been referred to: let me now quote another passage in

which he sums up his attack upon ideology.

" It is evident, first, that no function can be studied but with relation to

the organ that fulfils it or to the phenomena of its fulfilment; and, in the

second place, that the affective functions, and yet more the intellectual, exhibit

in respect of their fulfilment the peculiar characteristic that they cannot be

directly observed during the actual course of this fulfilment, but only in its

more or less immediate and more or less permanent results. There are then

only two different ways of studying scientifically such an order of functions

:

we must either determine, with all attainable precision, the various organic

conditions on which they depend,—and this is the chief object of phreno-

logical physiology; or we must observe the consequence for conduct of intel-

lectual and moral acts,—and this belongs rather to natural history . . . ; these

two inseparable aspects of one and the same subject being, of course, always

so conceived that each may throw light on the other. Thus regarded, this

great study is seen to be inseparably connected on the one hand with the

whole ... of natural philosophy, and especially with the fundamental doc-

trines of biology; and, on the other hand, with the whole of scientific history,

of the animals as well as of man, and even of humanity. But when, by the

pretended method of psychology, we discard absolutely from our subject-

matter the consideration both of the agent and of the act [that is, of the

organ of function and of the result of its exercise], what more is there left

to occupy the mind than an unintelligible logomachy, in which merely nominal

entities are everywhere substituted for scientific phenomena . . .? The most
difficult study of all is thus placed at once in a state of complete isolation,

without any possible point of support in the simpler and more perfect sci-

ences, over which it is proposed, on the contrary, to give it sovereign rule
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On these two points, all psychologists, however extreme their differences in

other regards, are found to agree."^^

Not Watson himself could be more outspoken or more severe!

But we need not go back to Comte and the thirties ; we need go only

to Cournot and the year 185 1. After a sharp criticism of intro-

spection, Cournot writes

:

" So we see that the most useful observations on the intellectual and

moral nature of man, observations gathered not by philosophers disposed to

theories and systems, but by men gifted with the true spirit of observation

and prepared to grasp the practical side of things,—by moralists, historians,

men of affairs, legislators, instructors of youth,—have not as a rule been

the fruit of a solitary contemplation and an internal study of the facts of

consciousness, but far rather the result of an attentive study of the behavior

(conduite) of men placed in various situations, subjected to passions and

influences of all sorts.''^*

Here we are hardly without the circle of those " fifty-odd years
"

which Watson believes—how mistakenly !—have been " devoted to

the study of states of consciousness."^^ It would not be difficult to

cross that line ;^'^ but it is unnecessary. My point is that Watson's

behaviorism is neither so revolutionary nor so modern as a reader

unversed in history might be led to imagine ; and that as psychology

has weathered similar proposals in the past,—and, I hope and think,

has benefited by the storm,—so also it may weather and be benefited

by this latest trial of its staunchness.^'''

^3 A. Comte, " Cours de philosophic positive," III., 1838, 774 ff. ; the trans-

lation of H. Martineau ("The Positive Philosophy of Auguste Comte," 1856,

383 f.) is here inadequate. The polemic against introspection will be found

in " Cours," I., 1830, 34 ff.

i*A. A. Cournot, " Essai sur les fondements de nos connaissances," etc.,

II., 1851, 319.
15 A, 174. I have shown in my " Experimental Psychology " that the ex-

perimental period falls into fairly well-marked sub-periods.
16 I have especially in mind Lange's chapter on " Scientific Psychology "

(1866) and Maudsley's on the "Method of the Study of Mind" (1867 and
later).

1^ " Should human psychologists fail to look with favor upon our over-

tures and refuse to modify their position," Watson writes, " the behaviorists

will be driven to using human beings as subjects and to employ methods of

investigation which are exactly comparable to those now employed in the

animal work" (^,159). The "overtures" seem to consist in the familiar
" Ducky, ducky, come and be killed !

" But, that apart, why should anything



6 TITCHENER—" PSYCHOLOGY AS THE [April 3.

The second general impression that I record is that of the logical

irrelevance of Watson's programme to what is currently called psy-

chology. For suppose that that programme were carried out to its

last detail: how would introspective psychology be affected? Why,

those who were interested in the method and results of introspection

would simply start out where Watson had left off; the universalistic

psychology being completed, it would be in order for the individual-

istic to be begun. A shift of standpoint over against the world of

experience means the appearance of a new subject-matter, or (more

strictly) of a new aspect of the common subject-matter; and any

one aspect has the same claim to scientific consideration as any other

;

nor is there in science a Congregation of the Index to allow this and

to forbid that. The behaviorist may, if he will, ignore " conscious-

ness in a psychological sense "
; he may use consciousness as a tool

without making it "a special object of observation"; there is none

to say him nay ; but why should not some one who is not a behavior-

ist scrutinize what he has ignored, and try to find out empirically of

what materials this particular tool is made? Logically, so far as I

can see, behaviorism is irrelevant to introspective psychology.

Materially, I believe that psychology will be furthered by it, since

increased knowledge of the bodily mechanisms, of anything that

pertains to Avenarius' System C, means greater stability of certain

parts of the system of psychology. Neither logically nor materially

can behaviorism " replace " psychology.

Impressions, however, must give way to closer argument : we
must view Watson's articles at shorter range. And we shall, per-

haps, make most progress if we begin with his pronouncements re-

garding the failure of experimental psychology.

Psychology, we are told, has failed signally, during the fifty-odd

years of its existence, to make good its claim as a natural science.

Its present condition is chaotic. The chances are that such ques-

tliat the "human psychologist" does or fails to do "drive" the behaviorist

to do anything? I hope that Watson will find the opportunity to employ
human subjects; I hope that he will find them (he will pardon the word)
intelligent; I shall be honestly interested in his results.
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tions as those of the extensive attribute of auditory and the intensive

attribute of visual sensations, or the differences obtaining between

sensation and image, will be debated two hundred years hence as

inconclusively as they are debated today. Psychological method is

esoteric. It has proved unable to grapple with such matters as

imagination, judgment, reasoning, conception; these topics have

simply become threadbare with much handling. Functional psy-

chology is at fault no less than systematic and structural psychology.

Only those " branches of psychology which have already partially

withdrawn from the parent," and which are consequently less de-

pendent upon introspection,—experimental pedagogy, the psychology

of drugs, the psychology of advertising, legal psychology, the psy-

chology of tests, and psychopathology,—are vigorous growths. The

complete elimination of introspection from these disciplines will

make their results still more valuable, and will keep them—as psy-

chology itself emphatically is not—in touch with "problems which

vitally concern human interest."^^

That, I believe, is a fair statement of Watson's position ; it is

given largely in his own words. I have to reply, first, that fifty-odd

years is not necessarily a long period in the history of an experi-

mental science. It is not long, of course, regarded as mere dura-

tion : for it is in the sixteenth century that " the physicist abandons

scholastic speculation and begins to study nature in the language of

experiment,"^^ while it is only in the middle of the nineteenth that

psychology becomes experimental. It might be long, in a trans-

ferred sense, if it were crowded with workers : but the number o£

productive students in " systematic, structural and functional " psy-

chology does not compare with the number in physics or chemistry .^"^

Has Watson, I wonder, ever counted the number of experimental

papers that deal with imagination, judgment, reasoning and concep-

tion? It is notoriously difificult to trace beginnings; but we shall not

18^, 163, 176; 165; 164; 163; 173 ff-; i6s; 169 f.; 170, 176.
19 F. Cajori, " A History of Physics," 1899, 27.

20 Mr. H. G. Bishop has kindly listed for me the experimental papers in

psychology, physics and chemistry recorded in the last five volumes of Fock's

Bibliographischer Monatsbericht. The ratio is approximately 1:9.5:44. Ac-
count is here taken of the psychological studies to be found under " Medizin,"

as well as of those under " Philosophic und Psychologic."
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have gone far wrong if we date the first overt attempts to bring

these complexes under experimental control from 1902, 1901, 1908

and 1903 respectively,—if we say, at any rate, that their experi-

mental study belongs to the present century. And we have already

worn such topics threadbare? I should rather judge that we have

hardly touched their fringe. How many decades or centuries they

will engage the attention of psychologists, I do not know; the im-

portant thing is that we should do thoroughly such work upon them

as can be compassed in a generation. Our descendants may ask so

much of us ; but we owe them nothing more ; and though I also hope

that two hundred years hence other questions may have replaced

those of visual attributes and imaginal characters, of orientation in

the rat and of the homing sense of terns, I am far more deeply con-

cerned to sift the materials of discussion than to hurry debate to a

conclusion.^^

There remain the seceding branches, experimental pedagogy and

the rest. In their regard, I think, the unhistorical nature of Wat-

son's paper renders his exposition seriously misleading; it is psy-

chology, and not behaviorism, that has shaped their course ; and it is

psychology, and not behaviorism, that they still look to for guidance.

Meumann's Lectures, for example, are offered as an introduction to

experimental pedagogy and its psychological foundations; the work

is penetrated with psychology ; the pedagogical experiment is said to

be " for the most part the psychological experiment applied to the

developing and working school-child."-^^ But it is largely owing to

Meumann that experimental pedagogy flourishes. Rivers chose the

subject of his Croonian Lectures with the desire to show that ex-

perimental psychology may be of service to medicine. ^^ Stern, who

21 It is, perhaps, beyond my province to defend functional psychology;

but I should not like to have written this sentence: "It is rather interesting

that no functional psychologist has carefully distinguished between ' percep-

tion ' (and this is true of the other psychological terms as well) as employed

by the systematist, and ' perceptual process ' as used in functional psychol-

ogy" (A, 165). What, then, of Brentano, and of the many psychologists who
have been inspired by him?

22 E. Meumann, " Vorlesungen zur Einfiihrung in die experimentelle

Padagogik und ihre psychologischen Grundlagen," I., 191 1, 27.

23 W. H. R. Rivers, "The Influence of Alcohol and Other Drugs on

Fatigue," 1908, i, 121.
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stands to the psychology of testimony in somewhat the same rela-

tion that Meumann bears to experimental pedagogy, is also through

and through psychological. Binet, whose name is inseparably con-

nected with the psychology of tests, might fairly be called an ex-

tremist in his devotion to introspection. Pick demands " eine psy-

chologische Vertiefung der Aphasielehre," and makes constant use

of laboratory material :
" es ist hochste Zeit dass die Pathologic end-

lich von diesen Dingen Kenntnis nehme."-* It is worth noting that

Meumann, Stern and Binet—the men to whom we are chiefly in-

debted for experimental pedagogy, the psychology of testimony, and

mental tests—would all have been brushed aside by Watson, a few

years ago, as typically introspective psychologists ; and it is worth

noting also that they themselves look upon this later work, not as

the negation of their psychological training, but as its direct exten-

sion and practical fulfilment. It is worth noting, again, that a man

of Pick's authority ascribes the unprogressive state of psychopath-

ology in large measure to an ignorance of current introspective psy-

chology, and himself makes definite use of the " imageless thought,

attitudes, and Bezvusstseinslage, etc.," which Watson contemns.^^

I am not here depreciating behaviorism; but I think there is no justi-

fication for behaviorism's depreciation of psychology.-''

24 A. Pick, " Die agrammatischen Sprachstorungen : Studien zur psy-

chologischen Grundlegung der Aphasielehre," 1913, I., 11, 58, etc.

25 A, 163. The psychology of advertising, so far as it has gone, bears out

my argument. Cf. D. Starch, "Principles of Advertising," 1910; W. D.

Scott, "The Psychology of Advertising," 1912; W. A. Shryer, "Analytical

Advertising," 1912; H. L. Hollingworth, "Advertising and Selling; Principles

of Appeal and Response," 1913. The psychology of these v^^orks is not always

of the severest type; but the attitude of the v^rriters is unmistakably psy-

chological.

26 I have said nothing of the " esoteric " nature of introspection, because

I have dealt with that charge in recent articles {American Jour. Psych.,

XXIII., 1912, 427 fif., 48s ff.). In referring to my own work, Watson falls

into the common mistake of confusing observation with theory. If he were

to serve as observer in one of our studies on attention, he would have no

difficulty, after a little practice, in passing the sensory judgments that we

required of him. That is a matter of observation and report. Whether he

would, after such participation in the actual work, accept our setting and

interpretation of the results is another and a different question.
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In his second article Watson discusses two topics " which may

seem to many to be stumbhng-blocks in the way of a free passage

from structuraHsm to behaviorism." These topics, one sees with

some surprise, are Image and Affection : with surprise, I say, be-

cause we had already been prepared to ignore consciousness and to

eliminate introspection. It turns out, however, that the difficulty

is methodological. For if the physiological counterpart of the

image is cortical, then that mode of behavior which is to replace the

introspective psychology of thought lies inaccessible within the skull.

If " affection is a mental process distinct from cognition (sic)," then

affection cannot be an " organic sensory response." So image and

affection have to be dealt with ; and Watson deals with them faith-

fully; the existence of the image is denied outright, and affection is

carried willy-nilly to the periphery.

Watson offers three bits of evidence for his contention that "there

are no centrally initiated processes." In the first place there are ex-

perimentalists who maintain that thought-processes may go on inde-

pendently of imagery. In the second place there is no objective

experimental evidence of the presence of different types of imagery.

In the third place even the structuralists seek to reduce higher

thought-processes to groups of obscure organic processes. I think

that these arguments can be met in terms almost as brief as their

statement. In the first place, the view that thought is independent

of imagery hardly constitutes a presumption that there are no central

processes of any kind. In the second place Fernald does not deny

type, but asserts that " an individual's type can be adequately indi-

cated only by an extended statement " f and that is the opinion now

generally held by psychologists. But let us suppose that types can-

not be indicated at all : by what logical inference may we pass from

this negative finding to the denial of imagery? In the third place

the reduction of thought to organic processes always implies in the

background a cortical set corresponding to the Aufgahe. Watson,

nevertheless, denies that there are centrally initiated processes, and

proposes to find the behaviorist equivalent of thought in movements,

27 M. R. Fernald, " The Diagnosis of Mental Imagery," Psych. Monogr.,

XIV., I, 1912, 128 ff.
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chiefly, of the larynx. In the same way he finds the behaviorist

parallel of affective process in tumescence and shrinkage of the

organs of sex. These views are put forward as matters of hypoth-

esis and of personal conviction, though they are also put forward

with some confidence. Time and trial will prove their value.

Meanwhile, it would seem that Watson has in both cases, in the

case of image as in that of affective process, overshot the logic of his

position. The negative argument as regards imagery can never be

proved in formal logic, to say nothing of the fact that it conflicts with

a very large body of positive observation."^ Logical confusion is shown

plainly enough in the following remark :
" I may have to grant a few

sporadic cases of imagery to him who will not be otherwise convinced,

but I insist that the images of such an one are sporadic, and as un-

necessary to his well-being and zvcll-thinking as a few hairs more or

less on his head." If there are any images at all, then there are (on

Watson's own showing) centrally initiated processes, and behaviorism

is bound to take account of them; and his personal assurance that

they are unnecessary to thought is offset at once by the assurance of

Watt and others that thought does in fact go on in imaginal terms. -^

Science is concerned with empirical facts ; and for the individual

man of science to "insist" that certain facts of observation may be

cancelled without loss to the science to whose subject-matter they

belong is to incur, at the very least, the charge of a certain rashness

of behavior.

Another logical objection seems to me to lie against Watson's

procedure in this second article. All science works upon assump-

tions, psychology no less than the other sciences. Miinsterberg, for

instance, is wholly within his logical rights when he assumes that all

conscious contents, without exception, may be transformed into sen-

sations :"" given his premises, they must be so transformed. Be-

-^ I quote a recent statement: "From an actual count of factors present

in the recall of ten of our problems, we estimate that our investigation em-

braces approximately 200,000 images. ... Of all our introspective data, about

ninety per cent, are visual images" (E. O. Finkenbinder, Amer. Journ. of

Psych., XXV., 1914, 81).

29 H. J. Watt, " Experimentelle Beitrage zu einer Theorie des Denkens,"

Arch. f. d. gcs. Psych., IV., 1905, 312; cf. my "Thought-processes," 1909,

Lect. I.

"^ H. Miinsterberg, " Grundziige der Psychologie," I., 1900, 331.
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haviorism would be equally within its logical rights in assuming that

all central processes may be transformed into peripheral: given Wat-

son's premises, they must be so transformed. But you cannot eat

your cake and have it too. You may bring up facts in support of

your choice of assumptions ; and you may show the scientific results

to which those assumptions lead; you may not, surely, offer these

results, even hypothetically, as facts in proof of your assumptions.

If we take up Miinsterberg's position, we find nothing but sensations

to work upon; but that is not evidence that Miinsterberg's position

is well-chosen. If we take up Watson's position, we find, perhaps,

laryngeal movements and changes in the state of the sex-organs ; but

that discovery gives no logical support to the principles of his be-

haviorism.^^ It is, indeed, obvious that, if the larynx and the sex-

organs prove refractory, the behavioristic equivalents of image and

affection must just be put—hypothetically, again—somewhere else;

and so on, and so forth ; for it is a logical consequence of the position

that somewhere on the periphery the required movements and

changes are to be discovered ; and the periphery is complex enough

to suggest any number of localizations. ^-

31 1 do not deny that the empirical consequences of a particular theo-

retical attitude may serve materially to justify that attitude for its special day

and generation; men have often worked successfully for a time though the

logical foundations of their work were insecure. But the permanence of the

structure depends on the solidity of the foundations, and to shirk their inspec-

tion is only to make "more haste" for the sake of "less speed."

32 The reduction of pleasantness-unpleasantness at large to sheer sex-

feehng is to me nothing else than nonsensical. But, like Watson, " I shall

not attempt to develop the point further at the present time." It is, however,

necessary to point out that the method of expression is not so ill bestead as

Watson declares it to be. In his latest tabulation (Arch. f. d. ges. Psych.,

XXXI., 1914, 27iTf.), E. Leschke finds 90 per cent, of substantial agreement

in the investigations which he considers. The two principal sources of error

are a disregard of neurasthenia and of vasomotor anomahes and—an inade-

quate psychological training of experimenter and observer

!

I may, perhaps, be expected to say a word on Watson's criticism of my
own doctrine of affection. The doctrine itself, I regret to say, he has not

understood. But he has also mistaken the motives which led me to adopt

it. My view that affection lacks the attribute of clearness is, he says, an

assumption " arrived at largely in the interest of obtaining a structural dif-

ferentiation between sensation and affection" {B, 426). As if a structural

system would not be greatly simplified and, as system, improved by the reduc-
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But the argument does not end here. I have formulated my
criticism as if Watson's views were rigorously worked out, and as if

his centrally initiated processes were conceived rigorously as physi-

ological. That is, evidently, not the case ; these processes are, in Wat-

son's thought, both mental and physical ; not only are brain-changes

to be transformed into their equivalent peripheral changes, but the

facts of psychology (as psychology is currently taken) are also to be

carried, by way of behavioristic substitution, to the bodily periphery.

The " required " peripheral changes are required—by the thoughts

and emotions of an introspective psychology! And with that, by

definition, behaviorism has nothing to do. The confusion here is

plain, and the critical point need not be further labored. I must add,

however, in the same connection, that I do not understand Watson's

attitude to sensation. He admits that there are special cutaneous

nerves " which mediate pain." He thinks that imagery is the key of

the introspective stronghold :
" all the outer defences might be given

over to the enemy." These utterances seem to imply that sensation,

if not part of the subject-matter of behaviorism, is at least neutral

ground between that and introspective psychology; whereas, in the

earHer article, sensation was definitely assigned to psychology.^^ Log-

ically, I do not see how a behaviorist, in Watson's sense, can know

anything of pain. I regard sensations as introspective material on

precisely the same level with images ; and I should challenge the be-

haviorist to replace or duplicate, in his universalistic terms, the vari-

ous observations recorded, for example, in Stumpf's " Tonpsychol-

ogie," or in Hering's new " Lichtsinn."^*

tion of affection to organic sensation! I only wish that I could see my way
clear to it. J. R. Angell recognized the temptation in Philos. Rev., XIX.,

1910, 322; Watson's comment puts the cart before the horse.

33^,164.
3* C. Stumpf, " Tonpsychologie," I., 1883, Vorwort ; E. Hering, "Zur

Lehre vom Lichtsinne " [1874], 1878, 72, 106. " Der . . . Weg, welcher von

den Aetherschwingungen ausgeht, hat bis jetzt, so weit es sich nicht bios

um die Schicksale der Lichtstrahlen in den optischen Medien, also lediglich

um eine Application der physikalischen Optik auf's Auge handelte, noch zu

keinem Ergebnisse gefiihrt " ;
" Ich war immer der Ansicht, dass die grossen

Aufgaben, welche der Physiologic und insbesondere der Nervenphysiologie

gestellt sind, am zweckmassigsten, ahnlich einer Tunnelbohrung, von zwei

Seiten zugleich in Angriff genommen werden, namlich nicht nur von der

physikalisch-chemischen Seite, sondern auch von der psychischen."
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All in all, this paper on Image and Affection, while it is written

with a truly scientific candor, shows, I think, that the author has im-

perfectly grasped the logic of the situation which he has himself

created.

In trying, now, to appraise Watson's proposals as a whole, we

must begin by clearing them of their personal and accidental accom-

paniments. Watson demands a psychology " which concerns itself

with human life" and whose "problems vitally concern human

interest." He ascribes to such a psychology the practical goal of the

control of behavior, the regulation and control of evolution in gen-

eral ; that is to say, he connects it with euthenics and eugenics. These

expressions give his proposed psychology the stamp of a technology

:

for science goes its way without regard to human interests and with-

out aiming at any practical goal; science is a transcription of the

world of experience from a particular standpoint, deliberately

adopted at the outset and deliberately maintained ; the pursuit of a

practical end is the earmark of a technology. And how does that matter

in the present context? It matters very greatly. Watson is asking

us, in effect, to exchange a science for a technology ; and that exchange

is impossible ; for a technology draws not upon one but upon many

sciences, and draws upon many other sources than science; and so

the striking of a balance-sheet between a given science and a given

technology is out of the question. I said above that behaviorism can

never replace psychology because the scientific standpoints of the

two disciplines are different; we now see that Watson's behaviorism

can never replace psychology because the one is technological, the

other scientific. This technological coloring, while it strengthens

the emotional appeal of Watson's plea, is nevertheless not of the

essence of behaviorism. The behaviorist's position, as we shall see,

may be outlined in the plain black and white of science.

The two articles are characterized, again, by the recurring note

of hurry, of impatience. Fifty-odd years gone, and we have ac-

complished so little : two hundred years, and shall we have accom-

plished much more? Surely it would be well to sweep the field clear,

to forget the past, and to start the race anew ! But all reformers, I
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suppose, are likely to be impatient; and their impatience does not

affect the value of their proposed reforms. We need not regard this

hurry, either, as of the essence of behaviorism. Watson himself, in

less fervid mood, might not grudge us a little time for the study of

his plans,—would even recognize, I believe, that our hasty acceptance

of them, without due consideration, must be more dangerous than a

reasonable delay.

So we come at last to behaviorism itself; and what I take that to

be I can best indicate by a parallel. In the disciplines which we call

physiological psychology and psychophysiology we are interested,

with slight difference of emphasis, in the two aspects of certain phe-

nomena of the living organism; we seek to couple physiological with

psychological, psychological with physiological, and so to get a com-

plete description of the psychophysical. We may, now, in just the

same way, speak of biological psychology and of psychobiology ; in-

deed, those terms are already in use, and their general significance is

plain. But here is the context to which behaviorism, if I understand

it aright, must of necessity belong ; it is the biological side of a biolog-

ical psychology or of a psychobiology ; I cannot make it more, and I

do not think that its practitioners can make it less. The argument

is as follows

:

The behaviorist, as Watson describes him, also studies certain

phenomena of the living organism. In theory, he may study these

phenomena in either of two different ways. He may regard them as

phenomena simply, as last facts, as things given, as phenomena to be

taken at their face value and described and explained in their own

right : then, he is working in what we are accustomed to call biology

;

he has adopted no new standpoint and needs no new name. Or again

he may regard them as symptomatic ; as reporting, expressing, indicat-

ing, leading up to something beyond themselves ; as claiming detailed

study, not only in their own right as data of biology, but also because

of this further and specific character of report or expression. Here

is ground for a discipline other than biology; a novel point of view

has been attained. At once, however, the question arises : What,

then, is it that the phenomena report or express ? Of what are they

symptomatic? The answer seems obvious: they are symptomatic of
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behavior. And the answer seems satisfactory—until we remember

that the phenomena, by hypothesis, are behavior, " behavior material,"

" behavior data," and that a phenomenon cannot both " be " and " be

a symptom of" the same thing. I see no way out of this dilemma.

Either the behaviorist is just biologist; and in that case he has no

nearer relation to psychology than have his coworkers who are con-

tent to call themselves biologists : or the behaviorist sees expression

where the biologist sees ultimate fact; and in that case he may

equally well be called psychobiologist, seeing that the phenomena ex-

pressed or reported by the organic changes which he studies cannot

be anything else than psychical.^^

But if this conclusion is sound, it means two things. It means

that behaviorism is correlated with a psychology, with some sort of

psychology in the usual sense; and it means that behaviorism must

take account of all kinds of organic changes, and not merely of those

occurring at the periphery. I believe that both of these consequences

must be accepted. Consider again, for example, Watson's reduction

of thought to delicate movements of the larynx: those movements

are movements of incipient or vestigial articulation. But words, as

Watson seems to have forgotten, are also meanings ; and meanings

take us either to the nervous center—or to psychology; they take us,

in fact, to both. Moreover, the very problem of these laryngeal

movements is given to the behaviorist by psychology : how would he

have lighted on the idea of transforming thought into movement un-

less psychology had made him acquainted with thought? I do not

say that the incentive will come always or must necessarily come from

the psychological side ; there will be give and take ; but it is none the

less clear that behaviorism and psychology are, in this context, cor-

relative ; and that though an individual student may wisely and suc-

cessfully confine himself to the study of behavior,—yes, and may all

his life maintain a polemical attitude to psychology proper,—it is yet

impossible to have a science of behaviorism independent of all psy-

chology. It is equally impossible, of course, within the same context

of psychobiology, to have an independent science of psychology ; the

two halves are essential to the single whole ; and the psychology of

35 Cf. with this paragraph A, 158 ff.



I9I4-] BEHAVIORIST VIEWS IT." 17

the behaviorist will, in matters of selection, emphasis, arrangement,

terminology, perspective, differ from general psychology just as be-

haviorism itself differs from general biology. ^"^

We thus conclude that to say, as was said above, " psychology

would begin where a completed behaviorism left off," is really to say

too little. The psychology which is correlated with behaviorism

begins when behaviorism begins, and the fortunes of the two are

bound up in the same bundle. Psychobiology will run the same

course as psychophysiology and psychophysics. It is now, I suppose,

in its first phase, when pioneer work" brings in gross and tangible re-

turns. Next will come the period of revision, of elaboration of

details,—a period of discouragement, perhaps, as the former was a

period of elation. And then will follow the period of slow and

steady progress, varied by a certain amount of wholesome interrup-

tion. Meanwhile introspective psychology, which is now entering

upon this third stage of its scientific career, will go quietly about its

task, wishing the new movement all success, but declining—with the

mild persistence natural to matters of fact—either to be eliminated

or to be ignored.

36 At this point we become involved in the controversy regarding the

possibility of an " animal psychology." I have no wish to avoid that issue,

though I must postpone its full discussion for another time. I believe that

an animal psychology is definitely possible; I think that with the law of

continuity as basal presupposition, and with the argument from analogy for

use in the concrete case, the science may be established. Meantime I have

elsewhere expressed my agreement with Watson that there can, in strictness,

be no objective criterion of the psychical (A, i6i).

PROC. AMER. PHIL. SOC, LHI. 2I3 B, PRINTED JUNE 18, I9I4.



THE VALENCE OF NITROGEN IN AMMONIUM SALTS.

By WILLIAM A. NOYES and RALPH S. POTTER.

(Read April 24, 1914.)

During the early years of the development of the theory of

valence many chemists held the view that each element has an un-

varying valence. The apparent change of valence in nitrogen from

ammonia to ammonium salts and in phosphorus from phosphorus

trichloride to phosp'horus pentachloride was explained by calling the

ammonium salts and the pentachloride molecular compounds, as dis-

tinguished from ammonia and the trichloride, in which the true

valence of the elements was supposed to be shown. This view

received support from the dissociation of ammonium salts and of

phosphorus pentachloride in the gaseous state. Gradually, with the

demonstration that phosphorus pentachloride volatilizes in part .un-

changed, that phosphorus pentafluoride, PFg, has a vapor density

corresponding to its formula and, in general, that dissociation in the

gaseous state does not correspond to any rational distinction between

unitary and molecular compounds the view that elements may show

a varying valence in their compounds and that nitrogen and phos-

phorus are sometimes trivalent and sometimes quinquivalent, came

to be generally accepted.

More recently Werner^ has proposed a modified molecular

formula for ammonium chloride, H3N..HCI. By this formula he

intends to indicate that in the ammonium salts the nitrogen atom

retains a normal valence of three but that the nitrogen atom of the

ammonia and the hydrogen atom of the ^hydrochloric acid are held

together by secondary ("Neben") valences, the hydrogen and

chlorine of the acid retaining essentially the same relation to each

other as in the free acid.

^See "Neuere Anschauungen auf dem Gebiet der anorganischen Chemie,"

p. 96 (1905).

18
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An amino acid may, theoretically, assume in the aqueous solu-

.COoH
tion the following forms: (a) the free acid, R^

;
(b) a cyclic

.CO. CO—

O

salt, R<^ yO, vr according to Werner, R<^ :
; (c) a

^NH.'^ ^NH,—

H

bimolecular or polymolecular salt formed by the union of two or

.CO,—H3N
more molecules, R<^ /^j (^) the ions of the acid group,

^NH3—OX^
CO; CO.H

R< and H^ (c) the ions of the base, r/ and OH"; (/)

.co;
the double, amphoteric ion, R<^ .^

NH3-
The " inner salt " structure was first proposed by Erlenmeyer

and SiegeP in 1875. Ten years later Ostwald* noticed that solutions

of glycocoll, CHoNHoCOoH, have a very low molecular conductivity

and that this is only slightly increased by dilution. He states that in

its behavior it is more like a neutral salt than an acid. In 1891

Marckwald^ called attention to the fact that amino acids of the

aliphatic series react only slowly with the mustard oils, while other

primary amines react quite readily. Since the amino acids react

easily in alkaline solutions, he held that the acids are, in reality,

inner salts. Sakurai® attempted to substantiate the " inner salt

"

structure on the preparation from halogen derivatives of the acids

and on the resistance which amino acids ofifer to the formation of

acid chlorides. Walker" points out that conductivity determinations

tell us very little about the structure of glycocoll but that since the

conductivity of phenylglycocoll, CcH-NHCH„CO„H, is greater than

that of acetic acid it must contain a carboxyl group which ionizes.

Tilden and Forster^ showed that the amino group of amino acids

2 " Zwitterion."

^Ann., 176, 349 (1875).

4/. prakt. Chcm., 32, 369 (1885).

^ Ber., 24, 3278 (1891).

^ Proc. Chem. Soc, 10, No. 138 (1894).
"^ Proc. Chem. Soc, 10, No. 139 (1895).

^ Chem. News, 71, 239 (1895).
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may be replaced by chlorine by the action of nitrosyl chloride

and considered this an argument against the inner salt formation.

Somewhat later Carrara and Rossi^ based an argument for the

inner salt structure on the conductivity of betaine hydrochloride,

(CH3)3NC1CH2C02H. From the values found they considered

that the salt was almost completely hydrolyzed to hydrochloric acid

and betaine, (CH3)3NCH2CO. Winkelblech^" points out, however,

O
that if betaine hydrochloride is in reality hydrolyzed the conductivity

of the solution should be the same as that of the equivalent amount

of 'hydrochloric acid while both Bredig's measurements and those

of Carrara and Rossi gave a conductivity scarcely more than one

half as great There can be no doubt, of course, that the anhydride

of betaine, (CH3)3NCH2C02, has the structure of a salt, but no one

seems to have determined whether this is monomolecular or di-

molecular. Our results given below indicate that a solution of an

amino acid which gives no inner salt may still contain the acid

mostly in the monomolecular form.

Winkleblech^^ discusses the hydrolysis of an amino acid on the

basis of conductivity data for weak acids, weak bases and water.

It does not seem possible from conductivity data, however, to de-

termine whether the acid is in the form of an inner salt.

.CO,
R<

^NH3

CO,H XO,H<, in the unionized state, R<^ or R"^ the

.c6;
form of the double, amphoteric ion R<f or in the form of a

NH3+
CO2-NH3.

bimolecular salt, R^ yR. The hydrogen and hydroxyl

^NHg—CO^'^

ions of the amphoteric form would, of course, combine to form

water and if the acid and basic functions were of equal " strength
"

the solution would react neutral. None of these forms would show

any conductivity and while the bimolecular form could be distin-

^ Atti R. Accad. Lincei (5), 6, 208 (1897).
1° Z. physi^ Chem., 36, 590 (1901).

^^ Loc. cit.
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guished from the others by a determination of the molecular weight

it is not clear how any of the ordinary physical methods could be

.CO2 yCO^H
used to distinguish between the three forms, R<^ , R<^

^NH3 ^NH30H
.CO2 CO,H

and R<^ . The form Rc^ would have a lower molecular

weight and might, possibly, be distinguished from the other three

by that means. It does not seem to us that the ordinary equations

for hydrolysis, which Winkelblech attempts to apply, could be used

in a complex case of this sort.

From the above summary it would seem that the evidence with

regard to inner salt formation is not altogether satisfactory and light

upon the question from an entirely different point of view is wel-

come. We think that we have secured this from a study of the

specific rotations of a series of amino acids derived from camphor.

The formulas and names of the compounds are given below. To

bring out the relationships more clearly the specific rotations given

for the salts are calculated to the basis of one gram of the free acid

in I c.c. of the solution instead of for one gram of the salt.

CH2—CCCH,)—CO

C(CH3),
\
O

CH,—CH- -NH,
/

CH,—CCCHJ—CO

C(CH3),

CH.,—CH- NH
Aminocamphonanic Acid.

(a)D =— 29.2°.

CH.—C(CH.)—CO2H
"I

crcHs),
I

CH,—CH—NH3CI
Hydrochloride of Aminocam-
phonanic Acid. (a)o = 25.o°.

Anhydride of Aminocampho-
nanic Acid. (a)D=— 60.5°.

CH,

CH2—C(CH3)NH3

C(CH3),
\

-C(CH3)—CO^Na

C(CH3),

CH,—CHNH,
Sodium Salt of Aminocampho-

nanic Acid. (0)0 = 52.8°.

CH,—C(CH3)—NH

O

CH,—CHCO'
Aminodihydrocampholytic Acid.

(a)D = 53.7°.

CiCH,),

CH.—CH -CO
Anhydride of Aminodihydrocam-
pholytic Acid. (a)7> = 72.8°.
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CH,—C(CH3)NH3C1

C(CH3),

CH2—CHCO2H
Hydrochloride of Aminodihy-

drocampholytic Acid.

CH,—C(OH3)—CO^H

C(OH3),
I

CH2—CH—CHoNH,
a-Aminocampholic Acid.

(a)D = 67°.

CH,—C(CH3)—CO^H

CiCHg),

CH.—CH—CH2—NH3CI
Hydrochloride of a-Aminocam-
pholic Acid. (a)D = 44.7°.

CH.—C ( CH. )—CH0NH2

C(CH3),
I

CH,—CH—CO„H
^-Aminocampholic Acid.

(a)D= 16.4°.

CH3—C ( CH3)—CH.NH.Cl

C(CH3)3

CH,—CH—CO„H
Hydrochloride of |8-Aminocam-
pholicAcid. (a)D=:4i.3°.

CH2—C(CH3)NH2

C(CH3),

CH,—CHCO^Na
Sodium Salt of Aminodihydro-

campholytic Acid.

(a)z, = i8.3°.

CH^—C(CH3)CO

C(CH3),
\

CH.—CH- -CH,
/
NH

Anhydride of a-Aminocampholic
Acid. (a)D—— 33-9°-

CH.—C(CH3)—CO.Na

C(CH3),

CH3—CN—CH2—NH2
Sodium Salt of a-Aminocam-
pholic Acid, (a) D = 62.4°.

CH,—C(CH3)—CH.

C C(CH3),

CH.,—CH CO

NH

Anhydride of /3-Aminocampholic
Acid. (a)z) = 66.5°.

CH,—C(CH3)CHoNH2

C(CH3),
I

CH,—CH—CO.Na
Sodium Salt of /3-Aminocam-
pholic Acid. (a)D = H-3°-

It will be noticed that the aminocamphonanic acid and amino-

dihydrocampholytic acid are represented as having a cyclic or inner

salt structure, w'hile the aminocampholic acids are both represented

as having an open structure. The evidence for these structures is

based on the specific rotations of the compounds. The rotation of

the sodium salt and hydrochloride of aminocamphonanic acid are to

the right while that of the anhydride, which is undoubtedly cyclic in
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structure, is to the left. The free acid is also left handed, indicating

a cyclic structure similar to that of the anhydride. The sodium salt

and hydrochloride of aminodihydrocampholytic acid are right

handed. The free acid and anhydride are also right handed, but with

a considerably increased rotation. The sodium salt and free a-amino-

campholic acid are both right handed with rotations closely alike,

indicating that each has an open structure, but the anhydride, which

certainly has a cyclic structure, is left handed and has a rotation

very closely like that of the aminocamphonanic acid, indicating

again very clearly that the latter has a cyclic structure and that each

compound contains a cycle of six atoms. The sodium salt of /?-

aminocampholic acid and the free acid also correspond closely in

rotation, indicating an open structure for both, while the hydro-

chloride and anhydride have a considerably greater rotation, as is the

case with both the free aminodihydrocampholytic acid and its an-

hydride.

All of these observations are consistent with the hypothesis that

aminodihydrocampholytic and aminocamphonanic acid form cyclic

salts containing cycles of six atoms, while the aminocampholic acids

do not form such salts because, if formed, they would contain cycles

of seven atoms. It seems difficult to find any other simple explana-

tion for the observations.

The results also point very strongly to the formula for am-

monium salts whic'h represents them as containing quinquivalent

nitrogen and against Werner's formula. According to Werner's

formula the free aminocamphonanic and aminodihydrocampholytic

acids would contain cycles of seven atoms,

CH,—C ( CH3 )—CO—

O

C(CH,)2 H

CHo—CH NH.

Such a formula is quite inconsistent with all that we know about

the ease with which rings of five and six atoms are formed and the

comparative rarity of seven-atom rings. It is also inconsistent with

the close agreement between the rotation of the aminocamphonanic
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acid and that of the anhydride of a-aminocampholic acid. We
know that the latter compound contains a six-atom ring.

Determinations of the molecular weights in aqueous solutions by

the freezing point method have shown that all four of the amino

acids are monomolecular in such solutions.

The experimental details of the investigation will be published in

the Journal of the American Chemical Society.



SOME FURTHER CONSIDERATIONS IN THE DEVELOP-"
MENT OF THE ELECTRON CONCEPTION

OF VALENCE.

By K. GEORGE FALK.

(Read April 24, 19 14.)

The electron conception of valence is based upon the view that

when two atoms combine, one becomes charged positively and the

other negatively. According to J. J. Thomson,^ the union of two

atoms is brought about by the transfer of a negatively charged cor-

puscle from one atom to the other; the atom losing the corpuscle

becoming charged positively, the one gaining the corpuscle, charged

negatively. In order to represent graphically the linkings between

atoms the lines or dots which represent the bonds ordinarily are

replaced by arrows in the electronic considerations, the head of the

arrow indicating the direction in which the corpuscle is assumed to

be transferred in the production of the chemical bond.

In every discussion of valence, it is necessary to consider the

limitations of the problem. Valence is a number. The valence of

an atom shows the number of corpuscles or negative electrons

gained or lost by that atom in forming chemical bonds. In slightly

different terms, the valence of an atom shows the number of atoms

(or groups of atoms) held in combination by that atom when the

hydrogen atom as it exists in most of its compounds is taken as the

positive unit. Valence may be likened to the capacity factor in

energy considerations.- Like the capacity factor, it is denoted by a

definite number, and while this number may vary under different

conditions, a quantity or number of atoms (or combining weights)

held by an atom (or combining weight) of the element in question

is always meant.

1 " The Corpuscular Theory of Matter," pp. 13S-9 (1907).

2 Cf. S. L. Bigelow, "Theoretical and Physical Chemistry," p. 80 (1913).
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In the same way, the chemical affinity between two combining

atoms would correspond to the intensity factor in chemical energy.

This chemical affinity can be measured quantitatively only by the

change in free energy of the reaction in question. Stability rela-

tionships, or chemical affinity discussions, do not enter directly into

valence questions, although the existence of substances is controlled

entirely by these. The separation of these two problems, valence

and chemical affinity, makes it clear that while a great number of

substances may be predicted from a consideration of valence struc-

tures alone, questions of chemical affinity, or relative stability, limits

the number of these substances which are actually known or may

be prepared.

As a result of the comparative study of large numbers of com-

pounds, it has become possible to say which would probably exist

under ordinary conditions and whether some would react more

rapidly than others. These qualitative factors do not give any in-

formation concerning the real quantitative measures of relative

stability.

Valence is therefore essentially a classifying principle. While it

is based directly upon and derived from the atomic theory, it may
also be used without considering atoms. The conception of atoms

and molecules is based upon the experimental laws of definite and

multiple proportions, and if, instead of atoms and molecules, com-

bining and formula weights are used, the same relations will be

found, although perhaps not pictured as readily.

The most important feature of the present development is that

in speaking of the valence of an element, it is not sufficient to give

a number. It is just as important to state whether this number is

positive or negative, as the valence or the number of unit atoms or

groups held in combination involves also the question whether these

are electropositive or electronegative. This is brought out clearly

in the Periodic System of INIendeleeff, especially for Groups 4 to 7,

where the types of combination with hydrogen and with oxygen

represent the maximum negative and positive valences of the ele-

ments of these groups.

Since the valence of an atom may be positive or negative depend-
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ing" upon the loss or gain of corpuscles, the knowledge of the elec-

trical state of an atom in a compound is of importance. Ionization

in solution is an invaluable aid in determining the distribution of

these charges. Dissolving a substance does not produce electric

charges on atoms but only makes these charges manifest to certain

experimental methods. These are, in fact, the only direct experi-

mental methods for determining valence. For substances which

ordinarily do not ionize, a knowledge of the distribution of the

charges is also important. This question was taken up for organic

compounds and reactions by Professor J. M. Nelson, of Columbia

University and the speaker in a number of papers.^ It was shown

that satisfactory classifications could be developed with the electron

conception of valence alone, but that the use of both polar and non-

polar valences leads to contradictions in reactions which are fun-

damentally similar.

With compounds which do not ionize, the Periodic System serves

in a general w^ay as a guide for developing valence structures in

which relative positive and negative properties of the different atoms

are involved. When two atoms are united by a single bond (one

unit of valence), where one corpuscle is transferred in the produc-

tion of the bond, there is ordinarily no question of the direction of

transference of this corpuscle, that is to say, which element is posi-

tive and which is negative. If isomers exist, the difiference in the

relative affinity of the atoms for the negative corpuscle may be small

(as in iodine monochloride) and the less stable modification may

possess the structure in which the corpuscle is transferred in the

opposite direction from that of the stable modification.

Some interesting questions are raised when the double bond is

considered from the electronic point of view. As used in the past, the

justification for the double bond lies in the desire to maintain con-

sistently, constant values for the valence of certain atoms. Practical

work during the past fifty years has borne out within certain limits

the usefulness of this conception. Before discussing the significance

of the double bond with the newer ideas of valence, some general

^ Jour. Amer. Client. Soc, 32, 1167 (1910) ; 33, 440 (1911) ; 55, 1810

(1913) ; 36, 2og (1914).
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facts must be mentioned. A single bond between two atoms gives

no information as to the stability of the union between these atoms.

A double bond between two atoms cannot give any more information

with regard to the stability of the linking. Qualitatively it has been

found that the rate of reaction for compounds containing double

bonds is greater in some ways than the rate for compounds contain-

ing single bonds, and that with certain reagents decomposition at the

double bond occurs more rapidly than at other parts of the mole-

cule, but this is manifestly different from a discussion of true

stabilities of compounds. Reaction velocities bear no simple rela-

tion to stabilities of substances and "reactivity" as used in organic

chemistry very often refers only to these reaction velocities. The

double bond in the ordinary language signifies two units of valences

just as the single bond denotes one unit of valence, and in this sense,

the only permissible one, the representation of a double bond by

two lines is a correct picture of the linking when one line is used for

tlie single bond.

When two atoms of elements which differ very markedly in elec-

trochemical properties are combined by a double bond, one of these

atoms may be considered to be electropositive and the other electro-

negative. In valence terms, an atom of one of these elements has given

up two negative electrons to the atom of the other to form the double

bond, the former becoming positive, the latter negative. These

cases are as simple as those in which only single bonds are involved.

Two units of valence are used in each linking with the result that

the valence of one of the atoms is 4~ 2 and of the other —-2 due to

the double bond.

If two atoms of elements which do not differ much in electro-

chemical properties are combined by a double bond, the possible

relations from the electronic point of view are somewhat more com-

plex. On the other hand, explanations of reactions and classifica-

tions of isomers ahe afforded which are not possible with the view

of the double bond in which electrons are not considered.

For the present purpose, it will be sufficient to outline some of

the relations. The substances to be considered include mainly the

compounds of carbon with double bonds between two carbon atoms
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or between one carbon atom and an atom of some other element

such as oxygen or nitrogen. In order to illustrate the present dis-

cussion with a definite case, a compound containing a double bond

between two carbon atoms in which the other bonds are combined

with similar groups, may be chosen. Two possible arrangements

suggest themselves with regard to the directions in which the cor-

puscles may be transferred to form the double bond. One carbon

atom may lose two corpuscles and the other may gain two in the

formation of the double bond. In this case, the valence of the first

carbon atom due to the double bond is -\- 2, of the second — 2.

The other possibility involves the gain and loss of one corpuscle by

each of the carbon atoms in forming the double bond. In this case,

the valence of each carbon atom due to the double bond will be

— I -|- I- Since the oxidation of an atom is defined as a decrease

of the negative charge or number of corpuscles, and reduction as

a decrease of the positive charge, these atoms united by the double

bond would be present in different states of oxidation in the dififerent

isomeric substances. It is evident therefore, that, with the electron

conception, the double bond may show different reactions with

various reagents depending upon the directions of the valences of

the double bond or the state of oxidation of the atoms united by the

double bond. Isomeric substances might exist in which the isomer-

ism would be due to the different directions of the valences of the

double bond. This subject has been discussed at some length in

previous papers.*

Similar relations should be expected to hold with compounds

containing a triple bond. While not as much work has been recorded

in the literature for substances of this nature, it has been possible,

with the electron conception of valence, to explain some reactions of

compounds containing triple bonds much more satisfactorily than

with the older valence view.

The general view of valence is that of a classification of chem-

ical compounds and reactions. Since the introduction of the elec-

tronic nature of valence into all branches of chemistry widens and

*Cf. 5". of M. Quarterly, 30, 179 (1909); Jour. Amer. Chem. Soc, 32,

1167 (1910).
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extends the classification, and since much of the classification de-

pends upon a number of correlated facts and relations and not upon

single crucial and well-defined experiments, it may be expected that

some of the formulas advanced and explanations of reactions offered

at the present time will be subject to change. Caution must contin-

ually be exercised against reading into valence structures ideas which

are foreign to valence. A limitation of the questions discussed to

the phenomena which may rightly be included would obviate much
confusion and bring valence relations into clearer light.

Harriman Research Laboratory,

Roosevelt Hospital, New York.



HEWETTITE, METAHEWETTITE AND PASCOITE,
HYDROUS CALCIUM VANADATES.

By W. F. HILLEBRAND, H. E. MERWIN and FRED E. WRIGHT.

Introduction.

(Read April 25, 19 14.)

Some years ago, Mr. D. Foster Hewett, in a paper^ on the re-

markable vanadium locality of Minasragra, Peru, described briefly

certain oxidation products of the vanadium sulphide ore, patronite,

which he was inclined to regard as vanadic acids, although the opin-

ion of one of us (H.), based on preliminary analyses, was that two

of the minerals were calcium vanadates.

Several years later the chief constituent of a certain red ore of

vanadium from Paradox Valley, Montrose County, Colorado, was

identified (H.) as a calcium vanadate, seemingly identical with one

of those from Peru. Since then this red ore has been found over

a wide area, extending into Utah. A good deal of additional chem-

ical work has been done intermittently during the past three years upon

material of both occurrences and it has been studied microscopically.

It has developed that, although the minerals are deceptively alike in

appearance and general behavior and have the same empirical for-

mula, they seem to be specifically distinct, are probably in fact isomers.

The Peruvian mineral, the first known and studied, we are pleased

to name hezvettite, after Mr. D. Foster Hewett, now of the U. S.

Geological Survey, who has done so much to make the Minasragra

occurrence known. Its isomer may appropriately be called meta-

hewettite. It is probable that hewettite occurs also in Paradox Val-

ley (see under metahewettite, pp. 37-38).

The detailed results of the several authors' work are submitted in

the following pages, a preliminary announcement having appeared

in the Jour. Washington Acad, of Sci., j, 157, 1913.

1 Trans. Am. Inst. Min. Eng., 40, 291, 1909.
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Hewettite,

Hewettite was rather abundant at the time of Mr. Hewett's visit

to Minasragra. It is wholly of superficial occurrence, derived by

oxidation from the vanadium sulphide, patronite. The principal

specimen examined by us was a lump about the size of a small apple.

In the lumpy aggregates of pure mineral hewettite is deep red

(mahogany red)^ with a somewhat silky luster. Under the micro-

scope the needles measure usually less than o.oi mm. in width and

0.2 mm. in length. The extinction is parallel. The refractive in-

dices measured by immersion methods could be only approximately

found because of the extreme thinness of single blades and the lack

of entire parallelism of the blades in a group. Also, /? and y were

so high that slight heating was necessary to embed the mineral in the

standard refractive media, thus causing expulsion of an unknown

amount of water. For Li-light a^i.77, j3= 2.i'&, y= about 2.35

to 2.4. Elongation is parallel to y. Pleochroism is strong; y dark

red, a and /? very light orange-yellow. The mineral is probably

orthorhombic. A determination of density, made by Mr. E. S. Lar-

sen, on air-dried material gave a value 2.618. A subsequent deter-

mination by one of the authors (M.), using material containing 9

molecules of water, gave 2.554. The apparent discrepancy between

these two determinations is explained by the fact that the material

used by Mr. Larsen was partially dehydrated.

The mineral when heated passes through various color changes

(see p. 46) and melts readily, forming a dark red liquid ; it is slightly

soluble in water.

The composition of an almost pure specimen, on which the fore-

going optical examination was made, is given under analysis i

(p. 40). Analysis la, in the footnote on pp. 40-41 (quoted by Mr.

Hewett, loc. cit., p. 311), represents a lump of ore showing little evi-

dences of crystallization but otherwise resembling closely the better

specimen, although the microscope shows it to be far from homogene-

ous. In spite of the similarity in appearance of the two specimens, the

2 The specific color terms used in these descriptions are based on com-

parisons with Ridgway's standards. See " Color Standards and Color No-

menclature," Robert Ridgway, Washington, D. C, 1912.
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analyses show quite different percentages of lime. This is not sur-

prising if we conceive that the vanadium of the patronite has become

oxidized to a polybasic acid of quinquivalent vandium, which then

was gradually neutralized by calcium. It seems reasonable to expect

that ores of all gradations occur from the sulphide patronite to the

half neutralized salt hewettite and finally to the fully neutralized salt

represented by pascoite (p. 49). Indeed, such intermediate stages

are probably represented by a number of the specimens brought from

Peru by Mr. Hewett and of which a few analyses are given in his

paper. These ores are, for the most part, microcrystalline, though

some show distinct evidences of crystallization, as Mr. Hewett

pointed out. They are of varying colors, from red through greenish

to the black of the original patronite. Some of the specimens are

not fully oxidized^ but contain vanadium in a lower state of oxida-

tion than corresponds to quinquivalency, and even free sulphur.

Some of them are characterized by high iron content and relative

freedom from lime, as shown by the following analysis,* which seems

to represent essentially a ferric vanadate.

V=05 57-3

V,0, 4-8

M0O3 3-3

FcaOa 19.6

TiO^ I

SiO, 6

CaO 7

H,0 13-9

100.3

Molybdenum is naturally a characteristic component of the oxi-

dation products of patronite since it occurs in the patronite ore.

Metahewettite.

Unlike the Peruvian mineral, the North American vanadate is an

impregnation in sandstone, generally coating the sandstone grains,

sometimes filling cavities and crevices. The specimens are almost

2 Analysis I indicates that oxidation is not yet quite complete in our best

specimen.

^ Made in 1907 in the laboratory of the U. S. Geological Survey and

quoted by Mr. Hewett, loc. cit., p. 311.

PROC. AMER. PHIL. SOC. , LUI. 2I3 C, PRINTED JUNE 17, I9I4.
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always friable, some falling to powder. Gypsum frequently accom-

panies the metahewettite and often encloses it, producing then the

appearance of a distinctly crystallized red mineral. When pure the

powder is dark red
;
gypsum present lightens the color. Even when

free from gypsum the red vanadate is almost always associated with

other minerals, partly residuals from the impregnated sandstone,

although occasionally almost pure material is found, like that repre-

sented by analysis II (p. 40). The impurities interfered greatly

at first with the precise determination of the composition of the van-

adate, particularly as to its water content. For this reason no quan-

titative analysis of the mineral from Paradox Valley is given,

although an abundance of the ore was at our disposal and one or

more analyses of it were made before purer material, from Thomp-

son's, in eastern Utah, was obtained. These analyses made evident,

however, the chemical identity of the Paradox and Thompson's

minerals.

The ore at our disposal from Thompson's differs somewhat from

that of Paradox Valley by a greater variation in its shades of red,

some of these being very bright in contrast with the usually duller

shades of the ore from Paradox.^ There are also associated with it

at least two interesting minerals, both of which were also noticed

later in ore from Paradox and the Henry Mountains.

One of these, gray in color, is a hydrous silicate of aluminum,

trivalent vanadium and potassium. It is no doubt the same silicate

that was first noted by one of us (H.) in carnotite ores and seems

to be a constant associate of all the uranium and vanadium ores of

western Colorado and eastern Utah, in some places constituting the

chief vanadiferous component of the ore. In the ore from Thompson's

it forms soft patches throughout the red mass, some of which are of

sufficient size to permit of separation in a fairly pure state.® Per-

^ Ores of deep color have been found recently by Mr. Frank L. Hess,

of the U. S. Geological Survey, in the Henry Mountains, Utah.

^ The gray mineral accompanying metahewettite occurs in firm granules

consisting of aggregates of very minute doubly refracting particles which

cannot be isolated for microscopic study. The refractive indices of aggre-

gates from various portions of the ore varied between 1.59 and 1.64, appar-

ently indicating differences in composition. Some larger lath-shaped particles
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haps the greenish tints of some of the Paradox ore specimens are

caused by this or another related silicate, like the roscoelite from

Placerville, Colorado.'

The second characteristic mineral is selenium, in amount up to

one per cent, of the ore from Thompson's. It seems to be included

as specks in the gray silicate. It is entirely absent from the speci-

mens of Paradox ore first obtained, but is present in ore from the

Henry Mountains, Utah, and in some small specimens seen recently

that were said to come from Paradox Valley. The presence of sele-

nium can be detected by heating the ore in a glass tube closed at

one end, when a red sublimate (sometimes accompanied by a white one

of selenium dioxide) appears when most of the water has escaped.

The fact that the free element appears as a sublimate does not by

itself prove the existence of the selenium in the free state in the ore,

for there was enough organic matter present, in a state invisible to

the eye, to reduce an oxygenated compound of selenium if present.

But the weight of evidence points to its presence in the elemental

state and not as a selenide or oxygenated compound.^ No connection

was observed between the presence of the selenium and the bright

red color of some specimens of the ore. The differences in shades

of red are attributed to differences in physical condition of the

metahewettite and to the effect of associated minerals.

were observed, possibly pseudomorphs, containing abundant dark inclusions

of more or less prismatic shape arranged parallel to the laths. These laths

are aggregates, but portions of them seem to have a definite orientation with

respect to the outlines, extinguishing parallel and having 7 parallel to their

lengths. The inclusions were selenium and bituminous matter. This gray

material is probably not roscoelite. For purpose of comparison a study was
made of the properties of the roscoelite from Placerville, California, prob-

ably identical with that previously analyzed by Hillebrand (Am. J. Sci., 7,

351, 1899; Bull. U. S. Geol. Survey, No. 167, p. 70, 1900).

Optical properties of roscoelite: Color, deep green with almost metallic

luster. 2E variable between 60° and 75° or more. Optical character—

.

7 = 1.68(^1.685, /3 = I.675-1.680.

"^ Hillebrand and Ransome, Am. J. Sci., 10, 120, 1900, Bull. U. S. Geol.

Survey, No. 262, p. 18, 1905.

8 The mineral presents deep red transparent prisms, up to 0.05 mm. long,

showing parallel extinction. This characterization fits one of the known
forms of selenium. Sublimation tests on a few specks indicated free sele-

nium. It seems to be insoluble in carbon bisulphide. So far as known this

is the first established occurrence of elemental selenium in nature.
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Nearly all of our ore specimens from Paradox Valley, Thompson's

and the Henry Mountains were free from uranium minerals, but the

complexity of the metahewettite ores under special conditions is well

illustrated by a very small specimen from Paradox. In addition to

constituents indistinguishable to the eye, this showed in juxtaposition

and much commingled, metahewettite, carnotite, a brownish material

rich in uranium and resembling some forms of ferric phosphate, and

jet black, lustrous bituminous or coaly matter. This last, if uranif-

erous, is perhaps the unnamed mixture of which a preliminary notice

by Karl Kithil appeared in Science^ 38, 62^, 19 13.

Fortunately several small lumps of very pure material from

Thompson's were found. This material gave only a very faint re-

action for selenium and was otherwise almost free from contamina-

tion. Upon it analysis II. is based.

Metahewettite crystallizing with 9 molecules of water occurs in

two typical habits with intermediate forms. The purest material

from Thompson's is a feebly lustrous, loose, earthy powder; that

from Paradox Valley appears chiefly in compact aggregates of sep-

arable, shining blades, though the earthy variety also is found here.

Both are deep red, but on account of the larger size of its bright re-

flecting surfaces the bladed variety appears lighter colored. When
powdered the bladed variety is claret brown, the earthy variety is

dark maroon. The color of the ores containing the mineral varies

greatly because of admixed minerals ; furthermore, variation of the

water content of the mineral produces changes in color (see p. 46),

Microscopically the earthy variety consists of minute sharply

bounded tables about .04 mm. long, piled in subparallel groups. The

outlines and optical properties indicate orthorhombic symmetry.

The compact variety consists of plates like those in the earthy variety,

closely joined in parallel or radiating, more fibrous aggregates. The

optical properties are more easily determined on these large aggre-

gates. Pleochroism is strong in groups seen edgewise, but is scarcely

noticeable in the plane of the tables, a is light orange-yellow, ^
deep red, y deeper red. Two optic axes barely come into the field of

a No. 12 objective over a condenser immersed in oil. 2E thus meas-

ured is about 135°. The plane of the optic axes is parallel to the
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elongation. The refractive indices a and /? were determined with

difficulty, a was obtained from groups of crystals seen edgewise;

fi is so high that it could barely be matched without heating by im-

mersion in a mixture of tin iodide, methylene iodide and the com-

pound of arsenic sulphide and methylene iodide, y could not be

obtained except after expelling water from the mineral by heat.

Fig. I. Optical orientation of metahewettite.

For Li-light a^i.70, ^= 2.10 and 2V (calculated)==52°. a is the

acute bisectrix. No measurable diiiferences between the optical prop-

erties of specimens from different localities were found. Fig. i

shows the optical and crystallographic relations. The axial ratio

a: b= .54: i.

The density of the mineral containing 9 molecules of water

—

determined in xylol—is 2.51 1; after the loss of 6 molecules of

water it is 2.942. The loss of this water is not accompanied by any

perceptible breaking down of crystal structure. The same fact was

observed with hewettite. Like hewettite, metahewettite melts

readily and is slightly soluble in water. The solubility, slight as it

is, affords a means, by the use of much boihng water, of separating

from metahewettite the associated minerals mentioned on pages 34

and 35.

Differing strikingly in external aspect from the ores described
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above is a single specimen from Paradox Valley, shown us by Mr.

Frank L. Hess, of the U. S. Geological Survey. This consists of a

single bundle of interwoven fibers implanted on a layer of crystal-

lized gypsum. This specimen, on account of its markedly fibrous

structure, bears a closer resemblance to the best of the hewettite

from Peru than does the mineral described above. Indeed, optical

evidence shows that it is hewettite.

Analyses of Hewettite and Metahewettite, and Their

Discussion.

Long after the first analysis of hewettite was made, it was found

that both it and metahewettite are extremely sensitive to atmos-

pheric changes in humidity, especially within a certain narrow range.

It was therefore essential that they be brought always to the same

definite state of saturation with respect to water.^ It was found by

experiment that this condition could be satisfactorily attained by

exposing the mineral powder at a definite temperature over sulphuric

acid of vapor tension near that of pure water until equilibrium was

established. The strength of acid over which the mineral was placed

9 Failure to observe this precaution may lead to serious error in estab-

lishing a probable formula for minerals with variable water content. For

instance, if, as with hewettite and metahewettite, the mineral is analyzed in

air-dry condition when the air humidity is high, a very different result will

be obtained than when the air is dry. The variations in moisture content of

these minerals when left exposed to the air may vary 8 or g per cent, between

September and December in Washington. This is not efflorescence as usually

understood, for although the reaction reverses itself with return of humidity

the loss of water is not accompanied by breaking down of the crystal structure.

Calcio-carnotite from Colorado (the tyuyamayunite (?) of Nenadkevich)

and probably also the original carnotite (essentially the potassium salt) show
similar wide differences in water content at different seasons of the year.

This may be and probably is true also of other minerals. If so, an explana-

tion is afforded of some of the conflicting statements of different analysts

in regard to the water content of certain minerals.

It is, further, important to make a series of exposures over sulphuric

acid of increasing concentrations, up to the maximum, at a fixed temperature,

and then to carry out tests at rapidly increasing temperatures, in order to

detect, by the losses at each step, the number of hydrates that may exist, and
also, if possible, what proportion of the water may be differentiated from
water of crystallization or of absorption. The curves resulting from sucb

tests with these minerals are shown in Fig. 2.
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preparatory to analysis was chosen after a preliminary trial had

shown about the range of highest vapor pressure over which little

change in water content took place. Sulphuric acid of sp. g. about

1. 105 (15°) was found to give the desired vapor pressure, about

nine tenths that of saturation. ^*^ Two different temperatures were

employed for establishing equilibrium over this acid in a thermostat,

namely, 25° in winter and 35° in summer (temperatures most easily

maintained).

At 25° the water-vapor tension of this acid is about 21.8 mm. or

2 mm. less than that of pure water at the same temperature, and

38.8 mm. at 35°, or about 3.5 mm. less than that of pure water.

Upon material thus brought to a definite water content the analyses

were made. One portion was used for studying the course of dehy-

dration, first by exposing the mineral at 25° (or 35°) until equi-

librium was reached, successively over sulphuric acid of concentra-

tions that corresponded to lowering of the vapor tension by tenths

approximately and finally over phosphorus pentoxide.^^ With the

10 The tables of Domke and Bein were used in this connection (Z. anorg.

Cheni., 43, 176, 1905).
11 The value of conchisions deducible from such a series of fractiona-

tions on minerals of the kind in question depends on careful observance of

certain precautions. In the first place, the mistake must not be made, as in

the present case, of using different temperatures for the initial saturation.

It was not expected that our tests would extend from winter into summer,

as they did at intervals, thus necessitating the use of two temperatures. Of
course, the vapor tension of an acid of given strength is markedly greater

at 35° than at 25°. The initial water content of the mineral may therefore

differ and the results of tests started at the two temperatures not be strictly

comparable. For, although the mineral is under a greater water vapor ten-

sion of the acid at 35° than at 25° and might therefore perhaps take up more
water than at the lower temperature, it is probable that the higher tempera-

ture will have its effect on the mineral also but in a quite indeterminate

degree (see Fig. 2 and p. 44 of text, for an instructive illustration of one

effect of temperature differences, as shown by curves I. and II.). In the

second place, at the conclusion of any one test of a series the mineral must

not be allowed to cool in the desiccator after removal of the latter from

the thermostat, but must be taken out of it at once and inserted quickly into

a capped weighing vessel before it has time to cool, for if allowed to cool

before removal the final condition will approach that of room temperature

and not be that of the experiment. Moisture may be condensed on the min-

eral and its containing vessel and the former may perhaps reabsorb water in
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lower vapor pressures a vacuum was employed. The loss observed

at the end of the last exposure was practically identical with that

occasioned by a temperature of ioo° for a few hours in dry air.

Then the fractionation was continued at temperatures above ioo°.

The results of some of these tests will be given later (pp. z^4-45).

The following table of analyses does not show all the determina-

tions that were made. In fact, the first complete analysis of hewet-

tite is omitted, because it was made before the need for bringing the

mineral to a definite saturation as to water content was realized.

That analysis confirmed, however, in all other essentials than water,

the data contained in analysis I. below.

Analyses of Hewettite and Metahewettite.

Hewettite,l2 Peru, in Equilibrium with Water- Matahewettite, Utah, in Equilibrium with Water-

vapor Tension of 21 8 mm. at 25°. vapor Tension of 38.8 mm. at 35°.

I. 11.

V2O5 68.19 70.01

V,04 I.2I

V.Oa -35

M003 1.56 .13

CaO 738 7.25 7.2s

MgO none .03

K2O none .09

Na,0 15 -08

H2O (total) 21.33 21.30 (mean of 21.24,

21.31 and 21.34)

Fe^Os, etc 11 .19

fO. — } .80
Insol 17 \

100.10 100.23

Trace Li in I., none in II. A very little CI in I. and II. Trace P2O5

and Se in II. No Ba or Sr found in either. V2O4 and V0O3 assumed, their

amounts measured by consumption of permanganate when the mineral was

dissolved in dilute sulphuric acid (see discussion of molecular ratios, p. 41).

addition to that condensed on its surface. In the third place, in cases when a

vacuum is employed this should be relieved by air bubbling through acid of

the same strength and temperature as that in the desiccator, if possible while

the latter is still in the thermostat.

^2 An earlier analysis of more compact material from Peru, devoid of

crystalline appearance, gave the following results

:
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Molecular Ratios.

In calculating molecular ratios for the minerals one is con-

fronted with difficulties arising from the presence of vanadium of

lower valence than 5, of molybdenum, and of small amounts of con-

stituents other than calcium. These different problems will be taken

up in order.

Vanadium.—In hewettite the presence of vanadium in the quad-

rivalent state may be regarded as probable in view of its existence

in many of the specimens representing much less complete oxida-

tion of patronite. In these cases it may be assumed with consider-

able probability that there exist vanadyl-vanadic oxides or salts, since

artificial compounds of the kind are known. If a compound of this

nature exists in hewettite, it demands a portion of the V2O5, and, if

hydrated, a considerable percentage of water.

In metahewettite, however, there is great reason to believe that

the vanadium of lower valence is trivalent. That it exists as a con-

stituent of a silicate containing also aluminum and potassium was

pointed out on p. 34. It will be so regarded. This stand is taken

with full knowledge that a characteristic black ore from Paradox

contains much of its vanadium in the quadrivalent state, as men-

tioned in our preliminary paper. ^^

Molybdenum.—The presence of molybdenum hampers some-

la. Pet Cent. Mol. Ratio,

VoOs 66.8 4.79

V.O. 7

M0O3 2.8 .26

CaO 43 100

HoO ( 100° — ) 13.9 10.03

H.O ( 100° -f ) 6.9 4-97

Fe.Oa, etc 2-2

SiO, 1.2

99-9

This analysis is given chiefly to show how deceptive the evidence afforded

by sharp molecular ratios may be, for microscopical examination showed the

material to be very far from pure. It also serves to show what different

compositions similar appearing materials may have.

''^ Jour. Washington Acad. Sci., 3, 158, 1913.
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what the drawing of conclusions as to the formulas assignable to

the vanadates, since we know nothing positive as to its chemical con-

dition and whether foreign to the vanadate molecule or a part of it,

nor, if foreign what part if any of the water is to be assigned to it.

So much may, however, be affirmed with positiveness from careful

microscopical examination, that the sample of hewettite analyzed

represents essentially a single homogeneous mineral and not a

mechanical mixture of different minerals. This belief is supported

by the behavior of the mineral when it is gradually brought into

complete solution by successive treatments with much hot water,

for the solution of the molybdenum keeps pace with that of the

vanadium. The molybdenum may perhaps best be considered as

forming' calcium molybdate which is held in solid solution. This

assumption has been made because it seems called for by the vary-

ing proportions of molybdenum in different specimens and by the

difficulty of deducing a probable formula under any other assumption.

Other Constituents.—The absence of any acidic constituent in

hewettite to offset the sodium forces us to group this with the

calcium as part of the vanadate molecule, unless perchance there be

an admixture of a vanadyl-vanadate (see p. 41). In metahewettite

the potassium may be referred with a high degree of probability to

the silicate of which mention has been made. This silicate requires

a small part of the water. There is no evidence of such a silicate in

the Peruvian mineral. The sodium and magnesium of metahewet-

tite are not accounted for, but in part at least may belong to the

silicate mentioned or to another, except in so far as the chlorine

present in small amount may claim some of the sodium (also in

hewettite). The amounts reported for sodium may be subject to

considerable error in both analyses, and if in error are too high.

The iron oxide is no doubt admixed.

After deducting M0O3 and its equivalent of CaO and neglecting

V2O4, V2O3 and all other minor constituents except NaaO in I., the

molecular ratios deducible with employment of the 1913 atomic

weights are

:

I. II.

V2O3 306 3.00

CaO i.oo 1.00

H2O 9.61 9.20
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The value for V0O5 in I. becomes 3.00 if enough is deducted to

form an equi-molecular compound with the V2O4.

Before discussing the formulas of the minerals we must present

a number of considerations bearing on their specific differentiation,

in the course of which certain experimental data essential to a

proper understanding of the subject will be given.

Evidences of Specific Distinction of Hewettite and

Metahewettite.

The evidence which impels us to give different names to the

Peruvian and North American minerals, in spite of the fact that

they seem to have the same empirical formula, will now be set forth.

Optical and Crystallographic Differences.—Metahewettite is

-"^
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darker red than hewettite and has two directions of strong absorp-

tion for hght, while hewettite has only one. Metahewettite crystal-

lizes in well-defined tabular forms or broad blades, hewettite in

slender blades.

Loss of Water at Room Temperature.—There is a real difference

in the behavior of the two minerals during progressive dehydration

over sulphuric acid. Reference to Fig. 2 (curve III.) shows that at

35° metahewettite loses 10.65 P^^ cent, of water in one drop from

17 mm. to 12.7 mm. vapor tension, nearly as much as hewettite loses

in the two stages from 17 mm. to 7.4 mm. (curve II.). The points

of observation shown in the several curves of the figure in almost

all instances represent 24-hour exposures and are approximately

equilibrium points. It was unexpectedly found that equilibrium at

these points was practically attained in one day, for even after sev-

eral days' exposure the losses in weight were seldom appreciably

greater than after one day. This fact seems to support the argument

that the curves indicate a real difference between the two minerals.^*

The curves shown are as a rule quite closely reproducible with dif-

ferent samples of mineral.

The very important effect of varying temperature at a fixed

vapor tension of water in the desiccator is strikingly brought out by

comparing curves I. and II. for hewettite. It is seen, for instance,

that at 35° and 12.7 mm. vapor pressure the mineral loses nearly

8 per cent, of water against a little over half of i per cent, at 25° and

the same pressure. Again, curve I. shows an equilibrium point at

6.05 per cent, water, curve II. at 7.85 per cent. To the question of

why the two points do not appear in the same horizontal line if we

are dealing with water of crystallization, two answers suggest them-

selves: Either (i) an intermediate hydrate which forms at 25° may

not have appeared at 35° or, (2) the concentrations of acid used

1* The lines connecting points of observation in the figure do not signify

that the rate of loss was uniform for each unit-lowering of vapor pressure

for the interval between two points. The actual loss for each interval would

probably be more correctly expressed by a vertical Hne corresponding to some

vapor pressure intermediate between those of the actual points of observation.

Just where this line should fall might be determined by making observations

with acids of smaller variation of vapor pressures and allowing more time

for the attainment of equilibrium.
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were not sufficiently close together to indicate all the hydrates

formed.

Loss of Water IVIien Heated Above ioo°.—Other differences be-

come apparent when the minerals are heated up to the point of los-

ing the last molecule of water. The experiments showing this were

made at the geophysical laboratory, the heating being done in an oil

or a nitrate bath, both in an open tube and in tubes which were

evacuated from time to time, and the loss determined by weighing

the tubes.

Metahewettite, after losing 13.8 per cent, (six molecules) of

water over strong sulphuric acid, was first heated gradually from

100° up to 350° during one hour with weighings at frequent inter-

vals. Water was expelled abundantly at three stages near the tem-

peratures 185°, 275°, and 340°. The loss at each stage as determined

by these weighings and by repeating the heatings and weighings on

another sample at favorable temperatures, was found to correspond

to about 2.3 per cent., or one molecule of water at each stage^^ (see

Fig. 2, lower portion). The sizes of the circles represent the loss of

water at each heating divided by the time of the heating. This is

the rate of loss of the water.

Hewettite, on the other hand, exhibits only one well-marked loss

in weight when heated rapidly. Near 250° a loss corresponding to

two molecules of water was observed. Near 300° and 350° there

are evidences of increased rate of loss if the temperature is increased

rapidly in 30 minutes. These losses correspond to one-half molecule

each. These data are not shown in the figures.

15 This method of rapid heating and frequent weighings affords surer

indications of the existence of water in different stoichiometrical proportions

than that of holding the mineral in dry air for a long time at successively

increasing temperatures. By either method a rate of dehydration, not a con-

dition of equihbrium, is measured. Fig. 2 shows two distinct breaks in the

rate of water loss for metahewettite when it is heated rapidly as described

in the text. The curves plotted for S-hour periods of heating in a dry-air

current (not shown in the figure) are without distinct breaks.

The temperatures at which water escapes most rapidly bear little relation

to those employed in slow heating. Long heating results in a higher loss at

a given temperature, and in complete dehydration at a much lower tempera-

ture, than very rapid heating.
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Change of Color Due to Heating.—Metahewettite, dark maroon

in color at first, becomes progressively darker red till the last mole-

cule of water begins to escape, then the color becomes gradually

lighter and finally yellow-brown. Concurrent with the last change

is a breaking up of each crystal into a crystalline aggregate which

retains the form of the original crystal.

Hewettite also darkens when water is lost. At the start, with

nine molecules of water, it is mahogany red. The hydrate with

three molecules is between carob-brown and liver-brown, the com-

pound with one molecule chestnut-brown, and the anhydrous pow-

der medal-bronze. No breaking down of structure was observed

till the last molecule of water was lost.

Changes in Weight and Color after Dehydration.—The powders

of both minerals were exposed after complete dehydration to sulphuric

acid of sp. g. 1. 10. Metahewettite from Utah, after dehydration by

heating in air, regained its original weight and color in a few days,

but after treatment under greatly reduced pressure the color was not

restored, even after moistening, although the observed loss of weight

had been the same in both cases. Hewettite, on the other hand,

after beating to only 270° and while it still retained one molecule

of water, neither regained its original color nor quite its original

weight when placed in moist air. In one experiment, after heating

to 350° and losing 20.75 P^^ cent, in weight, it regained 19 per

cent., but on again fractionating over the acids first used the rate of

loss and the amount lost at each step were markedly different from

those noted in the first fractionation.

Probable Formula.

Manifestly the empirical formula indicated for metahewettite

nearly saturated with water at 35° is CaO, 3V2O5, 9H2O. What it

may have been when the minerals were originally deposited can not

at present be said, although from the curve for water content under

varying hygrometric conditions at summer temperatures (Fig. 2),

which shows only very slight changes when the humidity is high,

it might be argued that the limit of hydration has been reached

with nine molecules of water. The effect of low temperatures is.
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however, unknown, and it may be that the original water content

was higher.

The same statements apply to hewettite, but here the excess of

0.6 molecule of water above nine molecules seems to be real, since

it is by no means accounted for by the fraction of one per cent,

represented by the nearly horizontal upper part of the curve, which

fraction might be considered hygroscopic or absorbed water. ^"^ It is

conceivable that this excess is connected with molybdenum, but much

more likely that it has to do with a vanadyl-vanadic compound as

already suggested (p. 41).

For the moment we will assume that the formula of both min-

erals, when holding the maximum amount of water, is CaO, 3V2O5,

9H2O. Of what acid, then, are they salts?

The ratio of CaO to VgOg shows that they cannot be salts of

orthovanadic acid. Moreover, the known orthovanadates are very

few in number and exhibit little stability, but pass readily into hexa-

vanadates. From the fact that six of the nine molecules of water are

quickly removable at ordinary temperatures in dry air and the

others are much more firmly held, it might seem justifiable to assume

six molecules of water of crystallization and three of constitution.

Such disposition of them necessitates derivation of the minerals, as

quarter-saturated salts, from the hypothetical acid HgYgOig, an

octobasic hexavanadic acid, a possible derivative of orthovanadic

acid. We are confronted, however, with the fact that neither such

an acid nor salts of it are known. Hexavanadates, however, de-

rived from the tetrabasic acid H^VgOi-, also a derivative of ortho-

vanadic acid, have been described and they resemble in general the

two minerals in question, so far as can be determined from the

meager data available.

Tetrabasic hexavanadic acid offers the possibility of two isomers

of a salt of a bivalent metal. It seems then necessary to consider

these minerals as acid salts of this acid, and the name metahewettite

for one of them is not only justified but appropriate. If this refer-

ence is proper, only one molecule of water of constitution is possible

1*^ Not all of the hygroscopic or absorbed water was necessarily removed
in the first part of the dehydration over sulphuric acid.
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and the other eight are water of crystalHzation. Against two of the

eight being regarded as water of crystalHzation might be advanced

the difficulty of removing the seventh and eighth molecules, but this

can not be considered a weighty argument. Neither can the fact

that the water content is so markedly afifected by outside humidity

and is susceptible of repeated removal and restoration be brought

as a conclusive argument against the assumption of water of crystal-

lization, for it must be remembered that loss of water is not accom-

panied by rupture of the crystalline structure, as is usually the case

with true hydrates. On the other hand, in favor of water of crys-

tallization, as opposed to water of absorption, must be placed the

breaks in the curves of dehydration observed when the minerals are

rapidly heated above 100°, and the fact that the content of water at

a fixed atmospheric temperature does not bear a continuous relation

to the outside humidity.

On the whole we are disposed to adopt the view that eight of the

nine molecules represent water of crystallization and to report the

formulas of both minerals as examined by us to be CaHaVgOiy'

8H„0. Under natural conditions mixtures of this and another salt

of much lower hydration may and do often occur.

Inspection of the formulas of the artificial alkali and alkaline-

earth hexavanadates throws no light on this problem, since the range

in number of molecules of water is very wide for the normal alkali

salts and the number is reported as 14 for the normal barium salt

and 9.5 for the normal magnesium salt. Acid salts of bivalent metals

do not seem to have been prepared, unless Ditte's calcium " trivana-

date" CaO,3Vo05,i2H20, is such a salt, perhaps identical with one

of the minerals described by us. Its description, however, does not

fit our minerals, since it is reported as very soluble in water and as

having the luster of gold. The evidence of the salts mentioned

points, however, to the possibility that hewettite and metahewettite

may have held more than nine molecules of water when formed,

unless the fact that only slight changes occur in their water content

with high atmospheric humidity at summer temperatures negatives

such a possibility.

Under the name alaite K. A. Nenadkevich has given a very brief
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description^^ of a dark red, silky, soft and dense, moss-like mineral

to which he assigned the formula V^O^fH^O. The description fits

hewettite very well in the main and it will be of interest to learn if

on further study alaite may not prove to be a calcium vanadate re-

lated to, if not identical with, hewettite or metahewettite. Alaite is

one of a number of vanadium and uranium minerals occurring in

the Province of Ferghana, Russian Turkestan.

Pascoite.

Not observed in the surface deposit at Minasragra, Peru, but

formed on the walls of an exploratory tunnel since its excavation, is

a mineral representing a further stage of neutralization by calcium

than is shown in hewettite. The specimens examined were among

those brought from Peru by Mr. Hewett and the analysis given below

was made several years ago in the laboratory of the U. S. Geological

Survey. The name proposed, pascoite, is from Pasco, the province

in which the locality of occurrence lies.

Crystallographically, this mineral is unsatisfactory, since it occurs

only in minute grains and clusters of grains, arranged in a way indic-

ative of a crustaceous deposit—as though they were secondary in

origin and had been precipated as a crust about preexisting masses.

No well-developed crystals suitable for goniometric measurement

were observed, and only here and there in the crystalline aggregates

were minute crystal faces seen. No distinct cleavage was noted, al-

though occasionally indications of an imperfect pinacoidal cleavage

were observed in grains under the microscope. The fracture is con-

choidal. In color this mineral ranges from dark red-orange to yellow-

orange; the more homogeneous masses being uniformly red-orange

throughout. In thin flakes it is translucent and the clearer individ-

uals are vitreous to subadamantine in luster, especially on flat crystal

faces which glisten here and there in the aggregate. The streak is

cadmium-yellow and the hardness about 2.5. The specific gravity

is about 2.457, determined in methylene iodide and benezene, on the

clearest and most homogeneous material. This value may be slightly

low because a crystalline aggregate, instead of a single crystal, was

1^ Bull. Acad. Sci. St. Petersburg, p. 185, 1909.

PROC. AMER. PHIL. SOC, LIII,, 213, D, PRINTED JUNE l8, IQI/].
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used, and minute air spaces therefore may have been present between

the grains.

In the powder form the grains are usually irregular in shape and

colored more or less intensely in shades of orange, red, and yellow.

Pleochroism is noticeable; a= light cadmium-yellow; ;8= cadmium

yellow; y= orange. Absorption y>;8>a. The refractive indices

were determined by the immersion method ; mixtures of methylene

iodide, arsenic tribromide and arsenic sulphide (realgar) being used

for the purpose. Owing to the color of the mineral, however, the

phenomena on which the refractive index determinations by this

method rest were less sharply marked than usual, and the probable

error is correspondingly larger.

a =1.775 ±.005

^=1.815 ±.005

7=1.825 ±.005

The birefringence is strong and gives rise to high interference colors,

even in comparatively thin grains. By direct determination, y— a

was found roughly to be about .050. The optic axial angle was

measured by the double screw micrometer ocular^^ on sections show-

ing only one axial bar and also on a section normal to the acute bi-

sectrix. For sodium light 2V was found to be 50°.5 ± 1° or 2E

is about 100°
; for lithium red light 2V is about 56° ±3°, or 2E,

about 115°. The determination in lithium light was much less satis-

factory and accurate than that in sodium light. The dispersion of

the optic axes is very considerable with 2VLi>2VNa and its effect is

clearly marked in the interference figure. The appearance of the

interference figure shows, moreover, remarkably strong crossed dis-

persion—so strong in fact that in white light a section normal to

the acute bisectrix never extinguishes completely, but near the

position of extinction for light of any wave-length shows abnormal

interference colors in characteristic tones, especially of green and

orange. On a section nearly normal to the acute bisectrix the posi-

tion of total extinction for sodium light made an angle of about 8°

with that for lithium light. This angle, yLi:yNa= 8°, is only ap-

^^ Am. J. Sci., 24, 317-369, 1907.
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proximatetly correct, and may be several degrees in error, owing to

the weakness of the lithium light source used, and consequent lack of

sharpness of position of total extinction.

The above optical data indicate that this mineral is in all proba-

bility monoclinic in crystal system, with its optic axial plane normal

to the plane of symmetry. To summarize, the determinative optical

characteristics of this mineral are: Crystal system, probably mono-

clinic; axial ratio, unknown; cleavage, poor and probably after oio.

H, about 2.5 ; sp. g., about 2.46. Color, dark red-orange to yellow-

orange ; luster, vitreous to sub-adamantine. Pleochroism, notice-

able, y^ orange; ^= cadmium-yellow ; a= light cadmium-yellow.

Absorption, y>/3>a. Refractive indices, a= 1.775 ± .005 ; iS=
1.81 5 ±.005; y= 1.825 ± .005.

Birefringence is strong. 2VNa=50°.5 ± i. 2ENa about 100°.

2Vu= 56° ±: 3°. ; 2E Li about 115°. Dispersion, crossed and strong,

Optical character — . Plane of optic axes normal to plane of

symmetry.

On the whole, the material is homogeneous and comparatively

free from inclusions and suitable for chemical work. Here and

there foreign material was observed, but in the material selected for

chemical analysis it was not present in sufficient quantity to veil seri-

ously the chemical relations.

Pascoite melts readily, forming a deep red liquid, and is easily

soluble in water.

Analysis of Pascoite.

Per Cent. Mol. Ratio.

V=05 64.6 318
M003 .3 —
CaO 12.6 2.00

H,0 100° — 13.8 6.87

H.O 100° -f 7.8 3.88

Undet. and loss 9

1 00.0

The ratios are not as satisfactory as could be desired. The values

approach those required from the formula Ca^VgOi^-iiHoO, which

calls for: V2O5, 63.76; CaO, 13.10; HjO, 23.14. Very recent tests

show that almost no loss of water occurs at room temperatures until
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the surrounding humidity is reduced practically to zero. When de-

hydrated over PoOg the color is no longer orange but dirty yellow.

After rehydration in moist air the color is much brighter yellow, but

without any trace of the original orange.

As with hewettiteand metahewettite, the amount of water evolved

at and below 100° is almost exactly removable by exposure over

strong sulphuric acid at room temperature for one or two months

and much more rapidly in a vacuum. Above 100° further loss be-

gins, but is complete only at a temperature of perhaps 300°. No
experiments have been made as yet to trace the progress of dehydra-

tion at temperatures above 100°. Further tests on this mineral are

needed and will be made if opportunity offers.

The arguments advanced (pp. 46-48) for hewettite and meta-

hewettite with respect to their chemical classification apply to pas-

coite also. In this case, if the assumptions made for the former

minerals are justified, we have normal calcium hexavanadate with

X molecules of water, at least 11 when the mineral was formed.

Analytical Procedure.

The methods of analysis need no special mention except as to

the separation and determination of the vanadium and molybdenum.

As a rule the portions used for water determinations served also

for the other constituents. They were treated in a glass tube, with

dry hydrochloric acid gas, after solution in nitric acid and evapo-

ration to dryness in a porcelain boat on a hot plate. The brown vapors

were collected in receptacles containing a little water. Two of these

in series were sufficient, but a third was sometimes used, all so con-

nected that no back suction of liquid was possible if the gas stream

slackened. The material in the boat is attacked instantly the acid

vapor reaches it, even without the aid of heat, but the reaction is

not complete in one operation even when heat is applied after vigor-

ous action ceases. It is necessary, usually, to remove the boat, to

reconvert the contents to nitrates and to repeat the treatment with

hydrochloric acid gas several times, and to wash out and dry the

glass tube between each operation.

The molybdenum, less volatile than the vanadium, comes off only,
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or at least for the most part, during the later periods and upon heat-

ing. If present in some quantity it reveals itself by a white crystal-

line deposit in front of the boat.

The contents of the receptacles and of the tube were finally evapo-

rated in porcelain with sulphuric acid, which was then heated till

fumes arose. After dilution, the deep blue solution was transferred

to a flask, saturated with hydrogen sulphide gas, and heated while

the gas still passed. The flask was then stoppered and allowed to

stand, over night as a rule, before filtering. The molybdenum sul-

phide was roasted to oxide.

The filtrate was brought to boiling in a flask while passing carbon-

dioxide gas until hydrogen sulphide was wholly expelled, then titrated

in the flask at 70°-8o° with permanganate. The vanadium was

again reduced, this time with sulphur-dioxide gas, which in turn was

expelled by boiling in a current of carbon dioxide, and the vanadium

was again titrated. If desired tlje operations of reduction and titra-

tion were repeated. The values obtained after successive repetitions

of the reduction by sulphur dioxide agreed well but were always

somewhat lower than after reduction by hydrogen sulphide. The

difiference is no doubt due to the presence in the one case of a little

free sulphur from the hydrogen sulphide, which consumes perman-

ganate at the high temperature of titration. If the molybdenum sul-

phide has been filtered through paper instead of a Gooch crucible,

permanganate is also consumed by organic extracts from the paper.

Summary.

Two apparently different calcium vanadates are described, which

resemble each other very closely and have the same composition

—

CaO-3V„05-9H20—^when holding their maximum water content at

roon> temperatures. One of them—hewettite—occurs at Minas-

ragra, Peru, and has been noticed on a single specimen from Para-

dox Valley, Colorado. The other—metahewettite—occurs at nu-

merous localities in western Colorado and eastern Utah. Both min-

erals are sparingly soluble in water.

A third calcium vanadate—pascoite (2CaO-3V205- ii ?HoO)

—

is also described. This occurs with hewettite at Minasragra. It is

very soluble in water.
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The first and second minerals are regarded as hydrated acid

hexavanadates—CaHaVgOi^-SHgO—the third as a normal hexa-

vanadate, CaaVgOi^-ii PHgO.

The reasons for specific separation of hewettite and metahewet-

tite are set forth in detail. The two minerals are so sensitive to

changes in atmospheric humidity that their water content varies

within wide limits at different times of the year. The removal of all

or nearly all the water does not result in breaking down of the

crystal structure, and until this has occurred the water is wholly or

in great part taken up again when opportunity is offered.

The importance is emphasized of bringing all minerals that be-

have in this way to a definite maximum water content before analyz-

ing them and of following carefully the course of dehydration under

prescribed conditions. Detailed directions are given for such tests

and for avoiding several sources of error.

Attention is also called to two fairly constant associates of meta-

hewettite. One of these (also a constituent of carnotite ores) is a

gray hydrous silicate of aluminum, trivalent vanadium, and potas-

sium. The other is elemental selenium, the existence of which as a

mineral species seems now for the first time established.

Acknowledgments.

Our thanks are due primarily to Mr. D. Foster Hewett for the

material from Peru and to Messrs. T. V. F. Curran, R. H. McMillen

and A. G. McNaughton, also to Mr. Frank L. Hess and Dr. W. T.

Schaller of the U. S. Geological Survey, for North American

material and for valuable information. Dr. Wm. Blum and Mr. E.

C. McKelvy, of the Bureau of Standards, were of material assistance

in arranging the thermostat and electric furnace used for the water

determinations.

Bureau of Standards and Geophysical

Laboratory of the Carnegie Institution,

Washington, D. C., April, 1914.



THE INFLUENCE OF ATMOSPHERIC PRESSURE UPON
THE FORCED THERMAL CONVECTION FROM

SMALL ELECTRICALLY HEATED
PLATINUM WIRES.

By a. E. KENNELLY and H. S. SANBORN.

(Read April 24, 1914.)

Object of Enquiry.

This paper describes the process and resuks of a research made

at Harvard University in 191 1, to determine the effect of change in

atmospheric pressure on forced thermal convection from thin plati-

num wires. By forced thermal convection is meant the carrying

away of heat from the surface of a wire by wind-motion, i. e., by a

rapid transverse movement of the wire through the surrounding air.

This wind motion through the air dissipates the heat from the wire

convectively. The rate of thermal convection depends upon the

length and diameter of the wire, its surface condition, the tem-

perature elevation of the wire above the air, the velocity of the

motion, and the pressure of the air. The object of the enquiry was

to determine the efifect of the last-named variable—variation of

atmospheric pressure—upon the thermal dissipation, the other quanti-

ties being kept constant.

History of the Enquiry.

The research here described was the outcome of an earlier inves-

tigation on " The Convection of Heat from Small Copper Wires,"

by Messrs. A. E. Kennelly, C. A. Wright and J. S. Van Bylevelt,

presented at the Frontenac Convention of the American Institute of

Electrical Engineers, June 28, 1909, and published at p. 363, Vol.

XXVIII.
,
part I., of the Transactions for that year. In that research,

the forced convection of heat from a thin copper wire, electrically

heated to a constant temperature, i. e., maintained at a constant

55



56 KENNELLY-SANBORN—INFLUENCE OF [April 24.

electric resistance, was discovered to vary as the square root of the

wind velocity, which was measured by the speed of the moving wire

through otherwise tranquil air. In other words, it was discovered

experimentally that in order to dissipate double the power from the

wire, at constant resistance and temperature-elevation, it was neces-

sary to quadruple the speed of the wire through the air. This rela-

tion was found to hold, within observation errors, for several differ-

ent sizes of thin copper wire, and for various temperature elevations,

between wind-velocities of 2 and 20 meters per second. Below 2

meters per second, the relation deviated towards the case of free

convection from a hot wire at rest. That is, at low wind velocities,

empirical corrections became necessary for the free convection which

naturally occurs from a wire at rest, or moving at zero speed through

the air. The possible application of the square-root law of wind

cooling to anemometry was also pointed out.

After the results were published in 1909, our attention was drawn

to papers by Professor Boussinesq in the Comptes Rendus for 1901,

Vol. 133, p. 257, and the Journal de Mathcmatiques, 6th Series, Vol.

I, 1905, in which is given the theory of the convection of heat by a

stream of liquid from the surface of a cylindrical rod, placed at

right angles to the stream. The liquid is assumed to be incompres-

sible and devoid of viscosity. The formula arrived at by Boussinesq,

as given by Russell, is

:

IsakVaH = se^'

where H is the heat carried off convectively per second from unit

length of cylinder.

.s is the specific heat of the liquid.

o- is the density of the liquid.

k the thermal conductivity of the liquid.

V is the velocity of the liquid.

a the radius of the cylinder.

6 the temperature elevation of the cylinder.

This means that the linear forced convection, or ergs per second per

cm. of the cylinder, is proportional to its temperature-elevation above
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the liquid, and to the square root of the specific heat, the thermal

conductivity, the wind velocity, the fluid density and the wire radius.

Dr. Alexander Russell communicated an important paper on the

theory of the subject to the Physical Society of London in July

1910,^ developing and extending Boussinesq's formula.

Professor J. T. Morris has recently successfully applied the

square-root law of forced-convection velocity to the measurement

of wind-velocities, using an ingenious form of Wheatstone bridge

for this purpose. His observations were communicated to Section

G of the British Association in 1912- and also to " Engineering"^ in

1913. His results have confirmed the application of the law for

wires of various metals up to diameters of 0.3 mm.

The papers and deductions of Boussinesq were not known to us

at the time we presented our former paper in 1909; but since the

square-root law of velocity arrived at theoretically by Boussinesq in

1901-1905, for an incompressible non-viscous liquid, has been found

to hold within errors of observation for ordinary air, it became

desirable to ascertain whether the linear forced convection of air

varied as the square root of the air pressure, as suggested by Bous-

sinesq's formula.

Method of Measurement Employed.

The method followed and the apparatus used were respectively

the same as those described in the A. I. E. E. paper of 1909, above

referred to. A short length of the thin wire to be tested was held

in a fork, and was driven by an electric motor at successively varied

speeds in a large steel tank, the atmospheric pressure within which

was kept constant in each series of tests; but was different in differ-

ent series.

Test Wire.

The wire used in all of the tests here described was of good com-

mercial platinum. No. 36 B. & S. gauge, with a mean diameter of

1 Proc. Physical Society, 1910, Vol. XXII., also Phil. Mag., October, 1910.

2 Prof. J. T. Morris, " The Electrical Measurement of Wind Velocity,"

The Electrician, Oct. 4, 1912, pp. 1056-1059.

3 J. T. Morris, " Distribution of Wind Velocity about a Circular Rod,"
Engineering, Vol. 96, pp. 178-181, Aug. 8, 1913.
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O.I 14 mm. (0.0045 inch). In the tests of 1909, copper wires were

used. The advantage of copper is that its resistivity temperature-

coefficient is relatively large, and is fairly reliable. On the other

hand, hot copper wires oxidize superficially when driven through

the air, and are therefore subject to variation in convective dissipa-

tion, owing to this change of surface condition. As the test-wire in

the new measurements had to be driven inside a steel tank, with

only occasional inspections, it was decided to employ platinum, in-

stead of copper ; although the resistivity temperature-coefficient of the

platinum was but little more than half that of copper; so that the

resistance of such a platinum wire is not so sensitive to changes of

temperature as a copper wire. Consequently, greater care was

needed in the electrical measurements of resistance in the platinum

test-wire, in order to determine the temperature elevation.

A measurement of the temperature-coefficient of resistivity of

the platinum wire used was made by immersing 5.5 meters of it on

a reel in an oil-bath, and measuring the resistance at twelve different

temperatures between 0° C. and 100° C. As shown in Fig. 6, the

results obtained lie close to the straight line

:

pj= Po(i+o.oo25750 absohm-cm (
i

)

where pt is the resistivity at ^° C. (absohm-cm.), and p^ is the

resistivity at 0° C. (absohm-cm.).

The particulars concerning the test wire are given in the accom-

panying Table:

TABLE L

Test-Wire Dimensions and Data.

Mean
Diameter.
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straight and fairly tight, by the elasticity of the brass strip prongs

aa', aided by the tension-screws gg'^. Current is steadily supplied

to the test-wire through slip-rings cc', on which rest stationary cop-

per gauze brushes of square cross-section 0.64 cm. (^4 inch) on each

f-

Fig, I. Details of Rotatable Fork

Supporting the Test Wire.

Fig. 2. Details of Fork.

Dimensions in Centimeters.

edge. The details of the fork dimensions are shown in Fig. 2, At

two points along the test-wire 32 cm. apart, pressure wires are

soldered to the test-wire. These pressure wires are of platinum, of

the same size as the test-wire. They connect with insulated copper

wires fastened to the sides of the fork, and terminate in the slip-

rings dd' carried by the motor shaft, on which rest two pairs of
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stationary gauze brushes. The electrical connections are as shown

in Fig. 3. The source of e.m.f. was a storage battery. The regulat-

ing resistance RR was so adjusted that the ratio of the p.d. between

pressure-wires, to the current strength, was equal to a predetermined

resistance. That is, the current in the test-wire was gradually in-

creased until the ratio of the reading of the voltmeter V to that of

the ammeter A, was found, by slide-rule, to give the correct resist-

ance sought to be maintained in the test-wire at all wind speeds.

<Ocm
•<r 3Bern.

Fig. 3. Diagram of Electrical Connections.

As the driving speed increased, the current supplied to the wire had

to be increased, in order to maintain this ratio V/A. When, on the

contrary, the driving motor was brought to rest, the current in the

test-wire had to be reduced to a relatively small value, in order to

reproduce the ratio.

The fork was mounted on the shaft of a 5^-HP. 115-volt direct-

current shunt motor, arranged to run at adjustable speeds. The
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wind speed of the test wire in cm. per sec. was taken as 2tz X cm.

fork radius X speed of motor in r.p.s. At the other end of the

motor-shaft was coupled a small magneto-generator for indicating,

by its e.m.f., the speed of rotation. The fork-motor-magneto

mechanism is illustrated in Fig. 4, supported on a wooden frame

intended to be held in place inside the pressure tank, which is shown

with the manhole open.

Fig. 4. Photograph of Fork, Driving-Motor, Magneto Speed-Indicator and

Pressure Tank.

Pressure Tank.

The pressure tank in which the motor and fork were supported

was a vertical steel cylinder of Yt." (1.25 cm.) steel plates, riveted.

Figure 5 shows the dimensions of the tank, and also the position

within it occupied by the motor and fork. The radius of the fork
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to the test-wire ; i. e., the distance of the test-wire from the motor-

shaft axis was 58.5 cm. (23") ; and the radius of the pressure tank

was 76 cm. (30"), leaving a clearance between the rotating wire and

the tank wall of 17.5 cm. (7"). A larger pressure tank, allowing

Fig. S. Elevation and Plan of Pressure Tank showing position occupied by

the Test-Wire.

more space and clearance for the revolving test-wire, would have

been preferable; but the arrangement was the best that could be

made with the apparatus at hand. The results obtained at any
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single air-pressure were not so good as those obtained at normal

atmospheric pressure in the open air outside the tank, with a larger

fork radius, and free air-space. That is, the curves of linear con-

vection against wind-velocity, on logarithm paper, showed more

tendenc}- to deviate from a straight line, in these tank tests than in

open-room tests, both at low speeds and at high speeds. These

deviations might perhaps be explained by air-churnings in the tank,

due to the motion of the fork and wire in a somewhat confined

space.

The insulated wires leading to motor, magneto, and test-wire,

were brought out through holes in a wooden plug bolted air-tight

over a manhole.

The speed of rotation of the motor inside the tank was measured

in two independent ways; namely (i) by the e.m.f. of the little

magneto-generator coupled to the motor, (2) by a contact made

^L 90

86

fi^-l'^

..7Z

ZS-

a .._70 . .2.0.. .30....^. S.0 . ifC . IO...W BS .160. a-_

_:,.i ___, Temppriii<if^ °.C
\

1 i. ; i^-
::h;::llK.Hii:)i:i!l.niiH:ii:iiilHi.it!i;lii!iiinil:i:iiUiaia;iti!it: imM;il:;t!iuiili.iiliiulMtitui

Fig. 6. Resistance in oil of 550 cm. of the Platinum Test Wire at dif-

ferent temperatures between 0° C. and 97° C. in order to determine the

resistivity temperature-coefficient.

through a wire on the motor shaft once in each revolution, which

gave a click in a telephone. The speed calibration of the magneto

and its voltmeter could thus be checked, from time to time, by count-

ing the telephonic clicks in one minute.
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The pressure of the air in the tank was controlled by pumps con-

nected with the tank. The tank was fairly tight and ordinarily held

its pressure steadily during a test. A large glass U-tube containing

mercury was connected with the tank. The difference of level be-

tween the mercury in the two arms of the U, corrected for tempera-

ture, gave the difference of pressure between the air inside and out-

side the tank. The absolute pressure of the air in the tank was thus

the sum of the U-tube pressure and the corrected barometer pressure

outside. This absolute pressure was expressed in " bars " or C.G.S.

units (dynes per sq. cm.), by allowing 75.009 cm. of mercury to i

megabar or 10'' bars.*

Hot-Wire Temperatures.

Two hot resistances were selected for the 32 cm. length of test-

wire in different series of tests; namely one at 8.44 ohms, and the

other at lo.o ohms, corresponding to temperatures of 410° C. and

558° C. respectively, by extrapolation from the calibration test be-

tween 0° C. and 100° C. indicated in Fig. 6. These temperatures are

therefore inferred by resistance. If the temperatures of the wire

actually differed from the above inferred values, the values of linear

convection here deduced would be correspondingly changed ; but the

comparative results would be unchanged. So far as the main sub-

jects of enquiry are concerned, it is sufficient that the wire returns

to one and the same definite temperature when heated electrically to

one and the same resistance. With the air-temperature in the tank

in the neighborhood of 20° C, the inferred temperature-elevation

of the test-wire by resistance was 390° C. and 538° C. About ten

series of speed-measurements were made at each of these elevations,

with different air-pressures.

The following table gives one series of tests as an example.

* " Les Recents Progres du Systeme Metrique," Paris, Gauthier-Villars,

1907. PP- 30-31.
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TABLE II.

Series of Measurements on February 16, 191 1. Observers A. E. K. and

H. S. S. Pressure in tank 75.2 cm. Hg above that in room. Barometer

778 mm. at 14.5° C. Temp, air in tank 18.5° C. Mean absolute pressure

in tank 2.04 megabars. Res. of test platinum wire between pressure wires

kept at 8.44 ohms. Inferred temp, elevation 391.5° C. R. P. M. of driving

motor =r 1.14 X magneto voltage.

I.
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to free convection, the value becomes infinite. If, however, we add

30 cm. per sec. to all the wind velocities v, to correct empirically for

free convection as described in the paper of 1909, we obtain the

values given in the last column VIII, which do not differ greatly

from 1,930 abwatts per cm. ° C. and \/v, at all speeds in the table.

It will be observed that no correction is made for loss of heat

by radiation from the test-wire. That is, the linear dissipations in

column VI are treated as though entirely due to convection. In our

paper of 1909, a correction was attempted for radiation, on the basis

Wini.-VtUut>i ^tir sec.

Fig. 7. Curves of | — j against v, for (9 = 390°.

of Stefan's formula. Since, however, it has been pointed out by

Dr. Langmuir^ that the radiation from platinum according to Hagen
and Ruben's formula is only a small fraction of that from a " black

body," or perfectly non-reflecting radiator, at the same temperature,

the radiation corrections in the case of Table II are nearly all less

than I per cent, of the dissipation, and it has therefore been omitted

throughout.

5 "The Convection and Conduction of Heat in Gases," by Irving

Langmuir, Proc. Am. Inst. El. Engrs., June 25, 1912.
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The relation found in our 19CKI paper was that

P^;= lcd\/v abwatts per cm. (2)

where Pc is the linear convection from the hot wire in abwatts per

cm., the temperature elevation of the wire, in degrees Centigrade,

V the wind-velocity or speed of transverse motion of the wire

through the air in cm. per second, and k a constant depending, among

other things, on the size and surface-condition of the wire. This

formula was found to hold well between the wind velocities z/= 200

and ^'= 2000 cm./sec. (7.2 and 72 km/hr. or 4.47 and 44.7 statute

miles/hr.) ; but not to hold below z'==200, unless 30 cm. per sec.

were added as an empirical correction to all speeds to take free con-

vection into approximate account. This empirical correction, apply-

ing fairly well, gave

:

Pc= kO\/v-\-Vf^ abwatts per cm. (2a)

where Vq is a virtual velocity of free convection approximating 30

cm. per second.

The relation indicated in (2) can be presented graphically by

straight lines on logarithm-paper, hut Professor Morris has employed

the corresponding relation

:

(5)
- , ,„ /abwatts per cm. \^

^ ^

t) =^-' ( diiTC ) (3)

That is he plots the square of the observed linear convection per

degree C, against the wind velocity, thus producing a straight line,

if either (2) or (2a) applies. The procedure is followed in Figs. 7

and 8. Thus, taking Fig. 7, the broken straight line marked 2.04 cor-

responds to the results in an air-pressure of 2.04 megabars, and the

observations in Table I appear on or near this line as small circles.

Nine different series are indicated in Fig. 7 at pressures of 0.44, 0.66,

1.02, 1.54, 2.00, 2.04, 2.81, 3.48 and 3.95 megabars respectively, the

first two corresponding to vacua, 1.02 to normal atmospheric pressure,

and the six others to extra pressure in the tank.

It will be seen that the two lowest curves—vacua—deviate dis-

tinctly from straight lines. The remainder are drawn as straight

lines, and the observations conform to them fairly well, except at the
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two highest pressures 3.48 and 3.95 megabars. This means that

equations (2) and (3) held satisfactorily from i to 2.8 megabars, but

did not hold so well outside those limits of pressure.

Wlt\J'VttocUu CTn~^ S<M^rU.

—
j

against v, for ^ = 538°.

In order to eliminate, as far as possible, any disturbing influence

on the forced convection in these tests due to the presence of water-

vapor in the air contained in the tank, calcium chloride was kept in

the tank. The measurements were all made between January 23 and

February 17, 191 1, at a time of the year when the air in Cambridge

is ordinarily relatively free from moisture. In order to find whether

moisture in the air had any considerable effect on the forced con-

vection of heat from the test-wire, one test was repeated at one air-

pressure (2 megabars) at each of the two temperature-elevations,

first with the air after it had been exposed to the calcium chloride,

and second with the calcium chloride removed and a dish of water set

over night in its place. The actual difference in the humidity of the

air in the tank was not measured, but it was supposed that there
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would be a marked difference. It will be seen in Fig. 7 that the

small circles on the 2.04 megabar line, representing the dried air test,

fairly coincide with the small crosses representing the air test in the

presence of water. The same is true for the 2.02 megabar line of

Fig. 8. Consequently, the effect of moisture in the heat convection

of moving air has not yet been determined from our tests, although

it would seem reasonable that in view of the very appreciable known

thermal capactiy of aqueous vapor, the effect of moisture might have

been apparent.

.^

Fig. 9. Graphs of (— ] against v at dififerent pressures for (9 = 390° C.

logarithm paper.

It will be seen that the observations in Figs. 7 and 8 indicate a

relation

:

f ^cY ,2/ X / abwatts per cm. \-
^ ^

where v^ is a velocity in the neighborhood of 30 cm. per second, which

may be assumed as the empirical correction due to free convection
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from the test-wire when held stationary in the air. Professor Mor-
ris's method of graphic representation has the advantage that it indi-

cates directly the magnitude of the empirical correction v^. If we
take ^^0^30, we have from (4)

= kVv -f- 30
abwatts per cm.

(5)

Figs. 9 and 10 give the graphs of Pc/Q on logarithm-paper, for

the various sets of observations. It will be seen the observations lie

not far from straight lines. These lines have a gradient of i :2, or

correspond to a square-root law, or exponent of 1/2 as in (5) ; ex-

cept for the vacua (0.44 and 0.66 megabar), where the gradient is

approximately 4:10; or would more nearly indicate a relation

P
j = k{v-i- sor

abwatts per cm
'C.

- (6)



I9I4-] ATMOSPHERIC PRESSURE. 71

Considering the results indicated in Figs. 7 and 8, it appears that

the slopes of the various straight lines are nearly proportional to the

atmospheric pressure. This means that, at least to a first approxi-

mation :

{ PA^ ,,, ,
/abwatts per cm. \2

where pk'= k-

Consequently, when in Professor Morris's diagram, the atmospheric

pressure p changes, the ordinates are increased in like proportion.

We have then

p = evpk'iv + v^)
abwatts per cm.

dee. C.
(8)

so that the linear convection is nearly proportional not only to the

square root of the velocity, but also to the square root of the atmos-

pheric pressure. This agrees with Boussinesq's formula (o) when

it is remembered that the air-density <t of the medium is proportional

to the pressure p. The remaining constant k' involves, among other

things, the diameter of the wire. According to Boussinesq's formula

(o), the constant k' should be proportional to the square root of the

wire diameter. A special investigation should be directed to this

question : but the measurements recorded in our earlier paper of

1909 seem to indicate a higher ratio than the square root.

TABLE III.

Values of k' in the Expression Pc/0^ Vk'p(v^-vo) derived from the

series of observations at different atmospheric pressures p, at the velocity

(v-\-z'o) =1,000 cm. per sec.

9 =
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Table III shows the value of k' in formulas (7) and (8) for the

various series of measurements appearing in this report at the velocity

v== 1,000 cm. per second. It will be seen that k' varies between 1.76

and 2.50, with a mean value near 2.0.

Anemometer Measurements.

A wind-velocity measuring apparatus, or electric anemometer,

was constructed of the same thin platinum wire as that used in the

preceding tests (0.114 mm. diameter). A length of 25 cm. of this

Fig. II. Experimental Anemometer.

wire (10 in.) was supported vertically, between insulated clips, in a

steel G frame shown in Fig. 11. Pressure taps, of the same size

platinum wire, were soldered on to the vertical test-wire, at a distance
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of 15 cm. (5.9 in.) apart. The vertical test-wire was then placed at

the spot where the wind was to be measured, and heated by electric

current. It thus served to measure horizontal wind-velocity in any

direction.

Fig. 12. Connections of Test-Wire for Indirect Measurements of Wind
Velocity.

Two methods were used, one indirect-reading, the other direct-

reading. In the indirect method, the connections were as shown in

Fig. 12. Here the test-wire, shunted by a voltmeter, is placed in a

Wheatstone bridge of unequal arms, so that the current in the test-

wire side is ten times stronger than in the opposite side bd. The

bridge is set for balance at a predetermined resistance and temper-

ature of the test-wire. Whatever may be the horizontal velocity of

the wind blov^ing over the test-wire, there is some current strength

supplied to the bridge through a meter A, which will restore balance

and zero current in the galvanometer G. When this balance is ob-

tained, the readings of the ammeter A, and voltmeter V, are noted.

Their product VA; or the voltage square V^, is proportional to the

power dissipated in the 15 cm. of test-wire, from which the velocity

of the wind can be deduced with the aid of suitably prepared tables

or curves. The advantage of this method is its relatively high pre-

cision. Its disadvantages are that it requires to be adjusted for each

observation, and in gusty winds, it is not possible to secure a Wheat-

stone-bridge balance long enough to obtain readings of either V or A.
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In the direct-reading method, the connections are as shown in

Fig. 13. Here the test-wire is connected across iio-volt Hghting

mains, through an adjusted resistance, which may consist of incan-

descent lamps, so as to receive as nearly a constant heating current

as is practicable. The voltmeter V is connected to the potential taps,

15 cm. apart on the vertical test-wire. The apparatus is then set up

at the place where the wind is to be measured. The four leads are

i:

kv^

ii.

Fig. 13. Connections for Direct-Reading Type of Anemometer.

of any convenient length, and are bound up into a weatherproof cable.

From calibration measurements made on a sample of the test-wire in

a motor-driven fork, the linear convective dissipation of heat for any

safe given linear resistance of the wire is known. As the horizontal

component of wind-velocity increases, the temperature of the plati-

num test-wire falls, since no provision is made in this case to restore

the initial temperature. A calibration curve has therefore to be pre-

pared for a given exciting current, whereby the readings of the volt-

meter, which may be a recording instrument, become convertible into

wind-velocities. A set of calibration curves is given in Fig. 14 to the

left-hand scale, both for 1.5 amperes and 2.0 amperes, constantly sup-



1914-1 ATMOSPHERIC PRESSURE. /o

plied to the test-wire from the i lo-volt circuit. It will be seen that

when the wire is greatly cooled by the wind, a very appreciable cor-

rection for the temperature of the wind enters into the result;

although at a temperature elevation of say 300^ C, this correction

would be comparatively small. It is necessary to set the current at

such a value that when the wind fails, the test-wire shall not be

dangerously heated. It was found that with a platinum test-wire of

0.1 14 mm. diameter, as used in these measurements, 1.5 amperes was

a suitable current for wind-velocities up to 15 km. per hour. Thus,

as indicated in Fig. 14, with a wind of 10 km. per hour, and a temper-

ature of 10'' C, the voltmeter reading was 4.3 volts. When, how-

ever, the wind-velocities were higher, the current was increased to 2

amperes, which, in still air, raised the wire temperature to visible red-

ness. At 30 km. per hour, and 10^ C. wind temperature, the p.d. on

15 cm. was then 5.8 volts.

"^ i'"^-^ 5
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Fig. 14. Calibration Curves of 15° cm. Test Wire.

The G-support and test-wire were fastened to a pole and sup-

ported out of doors, exposed to the weather for some weeks. The

apparatus appeared to be durable, and constant in its indications

throughout that time, except that the solderings of the platinum tap-
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wires across the test-wire, introduced an element of weakness. After

exposure of some days, the test-wire was apt to break at a soldered

point. In subsequent out-door trials, therefore, the tap-wires were

simply twisted on to the test-wire. These tap-points involve a certain

small error due to their cooling effect on the test-wire. It is, there-

fore, desirable to make the tap-wire as thin as is practicable, in view

of both mechanical strength and electric resistance.

In a wind, the readings of the voltmeter anemometer are always

fluctuating; but a mean value at any moment can always be esti-

mated. A heavily damped voltmeter may conveniently be used.

The rising parabolic curve in Fig. 14 indicates, to the right-hand

scale, the watts convected from 15 cm. of the same test-wire at dif-

ferent wind-velocities up to 1,100 cm./sec. or 40 km./hr. with con-

stant resistance maintained in the wire; i. e., by the method of Fig.

12. It is evident that for high wind-velocities, the indirect method

of constant test-wire temperature is more sensitive than the direct-

reading method of constant current. For lower velocities, however,

the direct-reading method is much the more convenient, but requires

to be corrected for the wind-temperature.

In the use of the constant-current direct-reading method, tungsten

lamps have an advantage for the regulating resistance of Fig. 13 in

that they tend to compensate for changes in the resistance of the test-

wire at different wind-velocities ; or to act as ballast resistance for

the closer maintenance of constant current.

Conclusions.

1. The forced convection of heat from a thin platinum wire at

constant temperature moved transversely through the air, varies not

only approximately as the square root of the speed, but also approxi-

mately as the square root of the air-pressure (or air-density), in

accordance with Boussinesq's formula.

2. At air-pressures below half an atmosphere, the above square-

root relation was sensibly departed from. At pressures above 3

atmospheres, the relation was also departed from. Although the

departures in both cases exceed the limits of observation errors, it is

not certain whether they may have been due to imperfections in the
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apparatus, such as eddy-currents in the confined air, caused by air-

churning in the pressure-tank. In other words, it is uncertain whether,

if a more spacious pressure-tank could have been used, with a longer

fork radius, the square-root relation might not have held better than

it did at the upper and lower air-pressures.

3. The efifect of moisture in the air, upon the forced convection

of heat from a thin wire, seems to be small, and has not yet been

determined.

4. The forced convection of heat from a thin wire at constant

temperature in air of variable pressure may be regarded as vary-

ing approximately with the square root of the mass of air displaced

by the wire per second, or as ^va, where v is the wind-velocity of

displacement and a the density of the air.

5. When the air-pressure p remains constant, (Pc/O) " or the square

of the linear convection per deg. C. elevation, plotted against wind-

velocity V, gives a straight line for a thin metallic wire. When, how-

ever, the air-pressure p varies, then it seems that, at least to a first

approximation, {Pc/OY/p plotted against wind-velocity v, gives one

and the same straight line, for that wire, for all values oi p from

0.5 to 2.0 megabars..

6. A thin vertical platinum wire about 25 cm. long, after being

calibrated in a motor-driven fork, can serve as a recording wind meas-

urer or anemometer. The record requires to be corrected both for

the temperature and pressure of the air. The degree of precision

obtainable is srreatest at low wind-velocities.



THE UNITED STATES AS A FACTOR IN WORLD
POLITICS.

By L. S. ROWE, Ph.D., LL.D.

(Read April 24, 19 14.)

There is probably no characteristic of American poHtical Hfe

that has made a deeper impression on foreign students of our insti-

tutions than the fact that while all matters of domestic policy are

subjected to the most searching analysis, questions of foreign policy

do not in normal times become the topic of public discussion. It is

not until our international relations have reached a critical stage that

real public interest is aroused. In most cases, however, before

public opinion has become crystallized, the national executive has

committed the country to a certain line of action. Thereafter the

country's policy is determined by the logic of events rather than by

the dictates of public opinion.

In comparing the French, German and British magazines and

newspapers with those of the United States, one is impressed with the

fact that while the European journals are constantly discussing ques-

tions of foreign policy, little or no attention is given to this subject

in our American journals until some problem has reached so critical

a stage that it imperils the peace and safety of the country. The

causes of this contrast are to be found not in the more serious char-

acter of foreign journals, but in the fact that the American people

have been accustomed to confine their thinking on public affairs to

questions of domestic policy.

Under our system of government this attitude involves a real

danger because it removes our foreign relations from the control of

public opinion, and makes them dependent upon the personal views

of the President of the Ignited States, subject to such influences as

may, for the time being, be dominant in Washington. When public

opinion does assert itself, such assertion usually comes as the result

of a wave of popular feeling, obeying an emotional impulse. The

78
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root of the difficulty is that the national thought of the people of the

United States has failed to keep pace with the changes in the inter-

national position of the country. The early policy of our country,

as well as our national thinking during the infancy of the republic,

was concentrated on the idea of national isolation—freedom from

entangling alliances with European countries, and the separation of

American from European interests. National thought has remained

in this stage of development whereas national power and national

influence have long advanced beyond these narrow confines. We
have attained the dignity of a world power, but our national thought

has not advanced to a consciousness of the responsibilities which

this position involves. The great problem now confronting the

country is to bring about closer harmony between these two factors.

We are at the present moment witnessing one of the most serious

consequences of this lack of adjustment which is affecting the inter-

national position and influence of the United States to a degree

which cannot help but arouse the grave concern of every thoughtful

and patriotic citizen. In a brief period of fifteen years we seem to

have sacrificed the position of leadership in the maintenance of world

peace, and have become one of the disturbing factors in international

afifairs. How is it, it will be asked, that a nation which through the

contributions of more than a century has gained an enviable position

as a leader in the great movement for the advancement of inter-

national goodwill, should within so short a space of time sacrifice

this enviable position and come to be looked upon by all nations of

western civilization as an uncertain factor in the orderly develop-

ment of international relations.

Every student of international law and of world politics has

been deeply impressed by the important part played by the United

States in placing the conduct of international relations on a dis-

tinctly higher plane. It seems, at first glance, extraordinary that

during the first half century of its existence a nation so weak and in

many respects so unorganized should have been able to exert so

important an influence on international law. When, however, we
stop to reflect that during the first decades of the nineteenth century

the United States held the balance of power amongst the nations of

western civilization, the apparent paradox is readily explained.
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The farseeing statesmanship of the founders of the republic

led to the adoption, as a cardinal principle of American foreign

policy, that the United States must be kept free not merely from

entangling European alliances, but from any participation in the

conflicts then raging in Europe. This principle of aloofness from

European entanglements led to the assertion of those principles of

American neutrality which, while serving primarily the interests of

our national integrity, accomplished the still larger purpose of laying

the foundations for the modern law of neutrality. In performing

this service the United States contributed toward eliminating some

of the most fruitful causes of international irritation, thereby pro-

moting the interests of world peace.

It has been the laudable ambition of successive secretaries of state

to continue and to strengthen those traditions which gave to the

country a position of such unique power amongst the nations of

both eastern and western civilization. In spite of these efforts, how-

ever, there is noticeable during recent years a distinct falling off in

our international prestige. Little by little, the confidej-^ce of the

peoples of Europe and of the American Continent has been under-

mined until to-day we find ourselves in a situation which possesses

none of the elements of that splendid isolation which so long char-

acterized the position of Great Britain and which, if not remedied,

is likely to deprive us of the possibility of carrying to a successful

conclusion a mission which constitutes the chief glory of American

foreign policy during the first century of our national existence. It

is, therefore, a matter of real national moment to inquire into the

causes which have brought about this change, and to seek a remedy

if such exists.

Of the elements contributing to the present situation, some are

of long standing, the cumulative effects of which are now being

felt, while others are of comparatively recent development. Amidst

the splendid record of achievement during the first century of our

national existence there looms up one aspect of our policy which

has been a cause of deep concern to successive presidents and to

successive secretaries of state. I refer to the inadequacy of our

national legislation for the protection of resident aliens. A long
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series of massacres, beginning with the Chinese massacre at Rock

Springs, Wyoming, in 1895 and ending with the lynching of Italians

in 1899, 1901 and 1910, have placed our national government in the

humiliating position of acknowledging to foreign powers that al-

though the sole responsibility for the conduct of our foreign rela-

tions rests with the federal authorities, they lack the power to fulfill

the most fundamental of international obligations—the duty to bring

to justice the persons responsible for such crimes. The matter was

referred to as early as 1899 by President AIcKinley, who, in his

annual message of December 5th, said:

" For the fourth time in the present decade a question has arisen with

the government of Italy in regard to the lynching of Italian subjects. The
latest of these deplorable events occurred at Tallulah, Louisiana, whereby
five unfortunates of Italian origin were taken from jail and hanged. . . . The
recurrence of these distressing manifestations of blind mob fury directed at

dependents or natives of a foreign country suggests that the contingency has

arisen for action by Congress in the direction of conferring upon the Federal

courts jurisdiction in this class of international cases where the ultimate

responsibility of the Federal Government may be involved."

The matter was again vigorously taken up by President Roose-

velt in his message of December, 1906, in which he said in referring

to the difificulties that had arisen because of educational discrimina-

tion against the Japanese in California:

"One of the great embarrassments attending the performance of our in-

ternational obligations is the fact that the statutes of the United States are

entirely inadequate. They fail to give to the national government sufficiently

ample power, through United States courts, and by the use of the army and
navy, to protect aliens in the rights secured to them under solemn treaties

which are the law of the land. I, therefore, earnestly recommend, that the

criminal and civil statutes of the United States be so amended and added to

as to enable the president, acting for the United States government, which is

responsible in our international relations, to enforce the rights of aliens under
treaties. There should be no particle of doubt as to the power of the national

government completely to perform and enforce its own obligations to other

nations. The mob of a single city may at any time perform acts of lawless

violence against some class of foreigners which would plunge us into a war.

That city by itself would be powerless to make defense against the foreign

power thus assaulted, and if independent of this government it would never

venture to perform or permit the performance of the acts complained of. The
entire power and the whole duty to protect the offending city or the offending

community lie in the hands of the United States government. It is unthink-

able that we should continue a policy under which a given locality may be
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allowed to commit a crime against a friendly nation, and the United States

government limited, not to preventing the commission of the crime, but, in

the last resort, to defending the people vi^ho have committed it against the

consequences of their own wrong doing."

In 1909, in his inaugural address, President Taft emphasized this

serious defect in the conduct of our foreign relations, in the follow-

ing words

:

" By proper legislation we may, and ought to place in the hands of the

federal executive the means of enforcing the treaty rights of such aliens in

the courts of the federal government. It puts our government in a pusillani-

mous position to make definite engagements to protect aliens, and then to

excuse the failure to perform those engagements by an explanation that the

duty to keep them is in states or cities, not within our control. If we would

promise we must put ourselves in a position to perform our promise. We
cannot permit the possible failure of justice, due to local prejudice in any

state or municipal government, to expose us to the risk of a war, which might

be avoided if federal jurisdiction was asserted by suitable legislation by Con-

gress and carried out by proper proceedings instituted by the executive in the

courts of the national government."

It is clear that no nation can shirk the responsibilities of its inter-

national obligations without arousing widespread opposition. The

constitutional authority granted to our federal government is suffi-

ciently comprehensive to include all powers necessary to meet our

international obligations. We cannot permit our states, which oc-

cupy no international status, to plunge us into irritating controversies

with foreign countries. The dignity of the national government

and the demands of national self-respect require that the federal

executive be given statutory powers sufficiently broad and that the

federal judiciary be given jurisdictional authority sufficiently com-

prehensive to enable the national government to do its full duty in the

protection of the person and property of aliens resident within our

borders. The first step in this direction is the enactment of a law

giving to the federal courts jurisdiction over all cases in which the

treaty rights of a citizen or subject of a foreign country are involved.

A bill to this effect has been before the Congress of the United States

on several different occasions. Its precise text is as follows

:

" Be it enacted by the Senate and House of Representatives of the United

States of America, in Congress assembled, that any act committed in any

state or territory of the United States in violation of the rights of a citizen
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or subject of a foreign country secured to such citizen or subject by treaty

between the United States and such foreign country, which act constitutes a

crime under the laws of such state or territory, shall constitute a like crime

against the peace and dignity of the United States, punishable in like manner
as in the courts of said state or territory, and within the period limited by

the laws of such state or territory, and may be prosecuted in the courts of

the United States, and upon conviction, the sentence executed in like manner
as sentences upon convictions for crimes under the laws of the United States."

That the federal government has ample power to enact such

legislation has been repeatedly affirmed by the Supreme Court of the

United States. In Baldwin vs. Frank (120 U, S. 678) one of the

leading cases on the subject, the question involved was whether the

Civil Rights Acts were applicable to a conspiracy to deprive Chinese

subjects, residing within a state, of rights secured to them by treaty.

In the course of its opinion the court said:

" The precise question we have to determine is not whether Congress has

the constitutional authority to provide for the punishment of such an offense

as that with which Baldwin is charged, but whether it has so done.
" That the treaty-making power has been surrendered by the states and

given to the United States is unquestionable. It is true also that the treaties

made by the United States and in force are part of the supreme law of the

land, and that they are as binding within the territorial limits of the states

as they are elsewhere throughout the dominion of the United States.

" That the United States have power under the Constitution to provide

for the punishment of those who are guilty of depriving Chinese subjects of

any of the rights, privileges, immunities or exemptions guaranteed to them
by this Treaty, we do not doubt. What we have to decide, under the ques-

tions certified here from the court below, is whether this has been done by

the sections of the Revised Statutes specially referred to."

Again, in the Debs case (158 U. S. 564) the Court held:

" The entire strength of the nation may be used to enforce in any part

of the land the full and free exercise of all national powers and the security

of all rights entrusted by the Constitution to its care. ... If the emergency
arises, the army of the nation, and all its militia, are at the service of the

nation to compel obedience to its laws."

All this tends to prove not only that we have been remiss in the

performance of our international obligations, but that such remiss-

ness has not been due to any defect in our national Constitution but

to the failure of Congress to extend the jurisdiction of the federal

courts and to grant specific authority to the federal executive to
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fulfill manifest international obligations. Indeed, it would seem

from the decision in the Debs case that even without specific statu-

tory authority, the national executive may do far more than has

hitherto been done in maintaining the supremacy of the federal

treaty making power.

The failure of Congress to make adequate provision for the pro-

tection of resident aliens has aroused resentment not only in the

states whose nationals have suffered most severely, but has seriously

injured our reputation for fair dealing throughout the civilized

world. The remedy for this situation is so simple that there is no

excuse for further delay in making it efifective.

A second influence which has played an important part in estrang-

ing the goodwill of foreign countries is the widespread belief that

there exists in the Congress of the United States a.tendency to force

upon the executive a narrow and technical interpretation of treaties.

Secretary Hay once said of certain senators who attempted to defeat

every treaty presented to the Senate, that their idea of a treaty was

a document which gained everything for the United States and gave

nothing to the other party. The ruthless way in which the Congress

of the United States has at times swept aside treaty obligations, and

the unwillingness to bring national legislative policy into harmony

with our international obligations, have created the impression that

the promises of the United States cannot be depended upon, and

that even the best intentions of the President and his advisers are

apt to be thwarted by the action of Congress.

The culminating point of a series of instances was reached in the

provision of the Panama Canal Act exempting American coastwise

shipping from the payment of canal tolls. Whatever may be our

opinion as to the desirability of the exemption clause viewed as a

question of domestic policy, it is clear from the history of the

Clayton-Bulwer and of the Hay-Pauncefote treaties and from the

testimony of those who assisted in their negotiation that the United

States made no attempt to reserve to itself the right to give prefer-

ential treatment to its own merchant vessels. The privileges acquired

by the United States under the Hay-Pauncefote Treaty involved

certain concessions on the part of Great Britain, for which she ex-
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acted the observance of the principle of equahty of treatment. It

would be a reflection on our country's reputation for fair dealing if,

after securing the abrogation of the Clayton-Bulwer Treaty, we

were to repudiate the concessions, the making of which rendered

possible the ratification of the Hay-Pauncefote Treaty.

It is fortunate for the world's peace that there is rapidly develop-

ing a body of international opinion to which the policy and conduct

of individual nations must conform. Violations of the standards

set by this opinion place the oftending nations under the ban of inter-

national disapproval. With each year the commercial and social

relations between nations are becoming closer. This increasing

interdependence means that national policy must be made subserv-

ient to international right and to international obligation. No
nation is a law unto itself, and it is evident that even our concept of

national sovereignty must be subjected to revision in order to con-

form more closely to those larger principles of international reci-

procity and fair dealing, upon which the maintenance of western

civiHzation so largely depends. Just as competition has gradually

given way to cooperation in the industrial world, so in international

affairs the concerted action of states and the idea of mutual obliga-

tion as between states are gradually taking the place of the more

primitive principle that every nation may formulate its national

policy on the basis of national interests regardless of the higher

standards of conduct now prevailing in the society of states.

Fortunately, for the good name of the United States, the Presi-

dent has courageously taken a position which has not only aroused

the admiration of the civilized world but has placed our country

under a debt of obligation. In his address of March 5, 1914, to the

Congress of the United States he sounded a note which served to

impress upon the nation the sacredness of treaty obligations. Speak-

ing of the Hay-Pauncefote Treaty he said

:

"We consented to the treaty; its language we accepted, if we did not

originate it; and we are too big, too powerful, too self-respecting a nation

to interpret with a too-strained or refined reading the words of our own
promises just because we have power enough to give us leave to read them
as we please. The large thing to do is the only thing we can afford to do,

a voluntary withdrawal from a position everywhere questioned and mis-
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understood. We ought to reverse our action without raising the question

whether we were right or wrong and so once more deserve our reputation

for generosity and for the redemption of every obligation without quibble or

hesitation."

The magnitude of the President's service goes far beyond the

vindication of the Hay-Pauncefote Treaty. These words and the

determination which hes back of them place the international rela-

tions of the United States on a distinctly higher plane, and, if

properly supported by the united opinion of the country, will do

much toward regaining for the United States the enviable position

which we once occupied. All secondary and party interests must be

made to bow before that higher standard of international dealing

which the President so vigorously champions.

A third influence which has played an important part in arousing

opposition to the United States has been the tendency to permit new

doctrines of American foreign policy to masquerade under the cloak

of the Monroe Doctrine. In the adjustment of our relations with

Mexico, with the islands of the West Indies, and with the countries

of Central America, wc have fallen into the error of endeavoring to

build up our relations on the basis of the negative principles formu-

lated in 1823. Instead of clearly and definitely facing the fact that

these sections of the American continent occupy an exceptional

relation toward the United States, and building up our policy on the

basis of this exceptional relationship, we have formulated vague

principles purporting to be based on the Monroe Doctrine which

have aroused the suspicion, the distrust, and even the hostility of

the most progressive countries of South America. We should

clearly and definitely recognize the fact that everything that affects

the progress, the stability and the well-being of the islands of the

West Indies, of Mexico and of Central America, is a matter of im-

mediate and direct concern to the United States. It is a concern

different in kind from -that which affects our relations with the

countries of South America. The acquisition of Porto Rico and our

exceptional relations with Cuba, have made of the United States a

West Indian power. The construction of the Panama Canal and

the acquisition of the Canal Zone have made of the United States

a Central-American power, and finally, the fact that Mexico is our
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neighbor, that large bodies of American citizens have taken up

residence there, and that vast American interests amounting to over

a bilHon dollars, are invested in Mexican enterprises—all these

factors indicate the necessity of developing a policy toward these

three sections of the American continent based on the positive

national interests involved rather than on the negative principles of

the Alonroe Doctrine. We should frankly proclaim to the world

that basic national interests demand that these sections of the

American continent shall not only remain free from European com-

plications, but that the primary requisites for the preservation of

civilization shall be maintained. Continued disorder, the disregard

of fundamental human rights, the undermining of respect for

property—all these constitute elements which vitally affect the well-

being and safety of the United States. This does not mean either

the extension of a proctectorate or an unwarranted interference with

the domestic affairs of these countries, but it does mean that the

United States cannot remain indifferent to the existence of condi-

tions which menace the fundamentals of civilization.

The positive principles of foreign policy which this exceptional

situation demands, rest in part on the fact that the sections of the

American continent above referred to have become important

sources of the food supply of the American people, and that the

possibility of reducing the cost of living of the American working-

man depends in large measure on the uninterrupted use of these

sources of supply.

This does not mean that the United States should pursue a

selfish or ruthless policy in dealing with these countries. On the

contrary, the permanent interests of the United States are best sub-

served by prosperous, independent, self-respecting and progressive

neighbors. Our policy toward them should be conceived in the

most elevated spirit of helpful cooperation, but the basis of this

cooperation should be and must be the maintenance of the funda-

mental requisites of civilization.

The Monroe Doctrine was formulated to accomplish two specific

purposes

:

1st. To prevent further European colonization on the American

continent, and
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2d. To prevent the extension of the European political system to

the United States, the overthrow of the domestic institutions of an

American state by European influence, or the control of the political

destinies of an American state by any European power.

These two leading principles, which were of an essentially nega-

tive character are still vital principles of the foreign policy of the

United States, in the maintenance of which every state of the

American continent is deeply interested. The cordiality of our rela-

tions with the countries of South America demands that the Monroe

Doctrine be limited to its original content. If this is done, there

need be no fear of wounding the sensibilities or arousing the oppo-

sition of the countries of South America.

When, therefore, in our relations with the islands of the West

Indies, with Central America or with Mexico, it becomes necessary

to go beyond the negative principles of the Monroe Doctrine, and

enforce positive principles of foreign policy, let us take such a step

fully cognizant of the fact that we are not acting under any supposed

principles of the Monroe Doctrine, but on the basis of a policy dic-

tated by the requirements of the special conditions in the ]\Iedi-

terannean section of the American continent. Special agreements

looking toward cooperation for the maintenance of stability, such

as the reorganization of the San Domingan finances, do not rest on

any principle of the Monroe Doctrine, but are dictated by the ex-

ceptional relationship above referred to.

Our Mexican policy is another of the influences that has reacted

unfavorably upon the international position of the United States.

No one will doubt for a moment the lofty ideals which have actuated

the President in the formulation of his policy, but it is also clear

that in spite of all protestations to the contrary our Mexican policy

has aroused a marked feeling of opposition amongst the peoples of

Central and South America, and has served to foster secret under-

standings between European governments for the purpose of pro-

tecting what they regard as their national rights and the rights of

their citizens. We must always bear in mind that whatever may be

our personal views with reference to the Monroe Doctrine it has

always been regarded by the European countries as an expression
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of the intention of the United States to reserve the countries of the

American continent as a special field for its commercial and indus-

trial influence.

The unwillingness of the United States to allow European gov-

ernments to intervene in Alexico for the protection of the interests

of their citizens and subjects, combined with the reluctance of the

United States to accept the full responsibilities which this position

involves, has served to accentuate the feeling of opposition to the

United States which has been growing so rapidly within recent years.

Furthermore, the attempt on the part of the President to deal

with the Mexican situation as if it were part of a general Latin-

American problem instead of facing it squarely as a problem sui

generis, involving an exceptional relationship between neighboring

countries, has aroused the bitter opposition of the countries of Cen-

tral and South America. The insistence of the United States on the

retirement of a provisional President is looked upon as a form of

unwarranted dictation, and as an indication of a settled purpose on

the part of the United States to assert a kind of political supervision

over the republics of the American continent.

In conclusion, I desire to refer to a recent occurrence which has

given rise to serious misgivings both in Europe and in the countries

of Central and South America. In an address delivered before the

Southern Commercial Congress, the President of the United States

announced a new principle of American foreign policy, the purpose

of which seems to be the gradual financial emancipation of the

countries of Central and South America from their present depend-

ence on European capital. In the course of this address, the Presi-

dent attacked

"the material interests that had influenced the foreign policy of certain

Governments in their relations with the nations of Latin-America."

He declared it to be the duty of the United States,

" to assist the nations of this hemisphere in their emancipation from the

material interests of other nations, so that they might enjoy constitutional

liberty unrestrained." "You hear," he said, "of concessions to foreign

capital in Latin-America . . . States that are obliged to grant concessions
are in the position that foreign interests are apt to dominate their affairs.

Such a state of things is apt to become intolerable. It is emancipation from
this inevitable subordination that we deem it our duty to assist."
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It is true that the President restricted himself to a declaration

against " concessions," and it would seem that to his mind this term

involves the idea of special privilege or monopoly. The nearest Eng-

lish equivalent of the Spanish word "concession" is our own legal

term " franchise." It is true that in many of the countries of Central

and South America such franchises include the grant of monopolistic

privileges. It is also true that under the cloak of such franchises

many abuses have been committed, but we must bear in mind that

the unsettled political conditions prevailing in many of these coun-

tries and the exceptional risks to which foreign capital is subjected,

have made it necessary to offer exceptional inducements in order to

attract foreign investors. If we stop to reflect on the extraordinary

inducements which were offered to foreign capital during the early

history of the United States, and on the great service which such

capital rendered to our national development, we can readily see that

any policy, the effect of which is to discourage foreign investments

in Central and South America, cannot help but retard the develop-

ment of those sections of the continent. We may deplore the fact

that in many of the republics of the American continent there has

been a wasteful and at times a corrupt distribution of franchises and

special privileges, but it is a serious question whether it is either our

duty or our right to undertake to determine or even to suggest the

standards or conditions to which the investment of foreign capital

should conform.

At all events, let us not close our eyes to the fact that the formu-

lation of this policy has aroused serious misgivings throughout the

countries of the American continent, as it is looked -upon as an

unwarranted assumption of control over their liberty of action. In

Europe the President's pronouncement is regarded as confirmatory

of a suspicion, which has been growing within recent years, namely

that the United States 'has embarked upon a national policy, the pur-

pose of which is to reserve the less advanced countries of the Ameri-

can continent for the economic exploitation of American capital.

Whatever the ultimate judgment on the appropriateness of the

principles or the wisdom of the policy formulated in the President's

Mobile speech, it should be made clear that this new orientation of
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our foreign policy is not a part of the Alonroe Doctrine, and has no

organic relation to the fundamental principle upon which the Mon-

roe Doctrine rests, namely, national safety and self-protection. It

is a new and strange principle which has aroused the opposition of

the countries for whose benefit it is intended, and has engendered

bitterness of feeling amongst European peoples. If it is to be main-

tained it must justify itself by basic reasons of national interests and

international obligation entirely independent of the Monroe Doctrine.

These, in brief, are the more important influences that have

aroused the opposition of many sections of the American continent

and the animosity of Europe, and have placed the United States in

a position of international isolation. It would be idle to argue that

we have been the victim of circumstances because, as we have seen,

the position in which the United States finds herself at the present

time is traceable to the fact that our national thought and national

consciousness have not kept pace with our international responsibili-

ties. The most serious aspect of this condition of isolation is that it

prevents us from fulfilling the high mission in international affairs

which, by reason of our exceptional geographical position, by reason

of our exceptional relationship to European as well as to American

affairs, we are manifestly called upon to perform. The words spoken

by Mr. Root at the Fourth Pan-American Conference at Rio Janeiro

set the standards which should ever remain before the American

people

:

"We wish for no victories but those of peace; for no territory except

our own ; for no sovereignty except the sovereignty over ourselves. We
deem the independence and equal rights of the smallest and weakest member
of the family of nations entitled to as much respect as those of the greatest

empire, and we deem the observance of that respect the chief guaranty of

the weak against the oppression of the strong. We neither claim nor desire

any rights, or privileges, or powers that we do not freely concede to every

American Republic. We wish to increase our prosperity, to expand our
trade, to grow in wealth, in wisdom and in spirit, but our conception of the

true way to accomplish this is not to pull down others and profit by their

ruin, but to help all friends to a common prosperity and a common growth,
that we may all become greater and stronger together."



THE MORPHOLOGY OF THE PASSAMAQUODDY
LANGUAGE OF MAINE.

By J. DYNELEY PRINCE.

(Read April 25, 1914.)

The Passamaquoddy Indians of Maine, together with the Mali-

seets (Milicetes) or St. John's River Indians of New Brunswick

form a single linguistic group of the eastern Algonquin family known

as Wahanaki' people of the dawnland,' or ' East.' It is estimated

that there are about three hundred and fifty people in each clan. The

other members of the group are the Micmacs of Nova Scotia, the

Abenakis (a corruption of Wabanaki) or St. Francis Indians of Que-

bec, and the Penobscots of Oldtown, Maine, the two latter clans also

forming a linguistic group similar to that of the Passamaquoddies

and Maliseets.^ The name " Passamaquoddy " is a corruption of

pestwno'kat, 'one who catches pollack fish' {Gadus PoUachiiis) =
peska'tuni. This term has been applied to the tribe only in com-

paratively recent times. The headquarters of the Passamaquoddies

are at Pleasant Point, Maine (Sipayik), where the remnants of the

tribal organization still exist. Here, for example, dwelt Sopiel Sel-

mo, the keeper of the Wampum Record, a mnemonic system of wam-

1 For the Wabanaki group, cf. my articles :

" Notes on the Language of

the Eastern Algonquin Tribes," Amcr. Jour. PhiloL, IX., pp. 310-316; "The

Wampum Record," Proc. Amer. Philos. Soc, 1897, pp. 479-495; "Forgotten

Indian Place-names in the Adirondacks," Jour. Amer. Folk-Lore, 1900, pp.

123-128; " Some Passamaquoddy Witchcraft Tales," Proc. Amer. Philos. Soc.,

XXXVIII. , pp. 181-189; "Notes on Passamaquoddy Literature," /:/«»a/j'A^. F.

Academy of Sciences, XIIL, pp. 381-386; "The Modern Dialect of the Cana-

dian Abenakis," Miscellanea Linguistica in Onore di Graziodio Ascoli, 1901,

pp. 343-362 ; Leland and Prince, " Kuloskap the Master," Funk and Wagnalls,

New York, 1902; "The Algonquin Noun," Proceedings of the Congress of

Orientalists, Rome, 1904 ;
" Algonquin Religion," Hastings, Dictionary of Re-

ligions, s. V. " God " ; "A Micmac Manuscript," Proceedings of the Congress

of Americanists, Quebec, 1908; "A Passamaquoddy Aviator," Amcr. Anthro-

pologist, XL
92
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pum shells arranged on strings in such a manner, that certain combi-

nations suggested certain sentences or ideas to the narrator, who, of

course, knew his record by heart and was merely aided by the asso-

ciation of the shell combinations in his mind with incidents of the

tale, song or ceremony which he was rendering (Prince, Proc. Amer.

Pliilos. Society, December 3, 1897, pp. 479-495). With Selmo, how-

ever, died the secret of this curious system, but the laws and customs

thereby recorded have been preserved and published in the Proceed-

ings of the American Philosophical Society (loc. cit.). There is also

a large amount of oral literature handed down by these Indians, a

quantity of which exists in the manuscripts of the Hon. Lewis

Mitchell, Indian member of the Maine Legislature. These docu-

ments are now in my possession and I expect to publish their material

in an exhaustive work on the Passamaquoddy tribe and language.

Some matter of this character has already appeared, both in the Pro-

ceedings of this Society (XXXVIII., pp. 181-189), and also in

Leland and Prince, " Kuloskap the Master," New York, 1902, a pop-

ular exposition of the eastern Algonquin folk-lore.

The object of the present paper is to discuss briefly the chief

peculiarities of the Passamaquoddy idiom, as it is now in use. No
detailed presentation of the morphology of this dialect has been made

as yet, although some of its features have been noticed. Nearly all

the materials for the present article have been gathered orally from

the Passamaquoddies and tested by means of the Mitchell manuscripts.

PHONETICS.

The phonetics of the dialect are comparatively simple. The sys-

tem followed herein gives to the vowels the Italian pronunciation,

except a= English azv in 'awful' and the indeterminate vowel

{Schii'und) which is indicated by the apostrophe '. There are no

nasal vowels in Passamaquoddy, as in Abenaki. H has the value of

the simple breathing, but the inverted comma ' is the well known

Algonquin glottal catch, pronounced like a very soft Arabic medial

He. Ch often represents a palatal ts^ and between vowels has a

tendency to approach j==^dsy. The constants p, t, k are voiceless

surds often approaching b, d and hard g between vowels, but never
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uttered like the English p{h), t{h), k(h). S between vowels is

sometimes occasionally pronounced almost 2. The combination w*

is the whistle peculiar to the Algonquin languages occurring at the

end of syllables : ke'kw; pronounced kehkzvu. W in general is a

weak consonant ; it is almost equivalent to the M-vowel. It generally

disappears after any prefix, as seen in the paradigm of wikwiis: nik-

wus; kikwus, etc. It should be noted that the I carries an inherent

vowel and is consequently pronounced very like the Polish barred /.

A'' before consonants, as in the syllables wfa-; nki- is pronounced with

its own inherent vowel '11. The spelling of the Mitchell manuscripts

is a mixture of English and French influences, frequently using b, d, g
for />, t^ k; j for ch and an arbitrarily varying system of vocaliza-

tion. No attempt has been made to follow it in this paper.

The Passamaquoddy is not especially rich in consonantal clusters,

although more so than some of the other Algonquin idioms, as for

instance the Fox. The following table covers nearly all the con-

sonantal groupings which appear, and even some of these are not

true clusters, as they occur in many cases with vocalic zv and y. The

Indian manuscripts show many apparent clusters, but they are often

really separated by the Schzvund which no Indian ever writes. Thus

clusters with /, m, n are suspicious, owing to the probability of in-

herent vowels. The Schzvund and inherent vowels may be repre-

sented by e.

Clusters.

cJizu: echzvechi, ' must.'

chy: apachyaie, 'when I come.'

k'ni: zu-mikmaupaul'tinia, 'they feast together.'

ks: eyiks, ' when they are ' (' were ').

kskzv: chzvopnokskzmk'n,
' anchor.'

kt: zi/mdche-m'siktihtk'n, 'he begins to punish him,' but here the k

probably represents k'.

kzv: akzuet'n, ' canoe.'

kzjj'p: nisukmekzAfp'n, 'as we (paddled) together.'

Ik: tulkiu,' \.\\\.\s' (real).

Ih: amalhi'takzvuk, 'they make music'; hcV ' fawn.'

Ikzv' : alkzv'minautikuk, 'in their midst' (suspicious).
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Ip: holpin, ' he sits.'

It: -ifo/^zhY^ participial ending 3 p. pi. (real).

mk: el-dmkikap, 'when they came ashore.'

mkii/: kikumkwuk, 'suckers' (fish).

ms: n-olamsittam'n, ' I pretend to '
: lams-, ' blow.'

msk: dmskowds, ' first.'

Ilk: (nasal) : k'tunkian, 'when you have hunted' (real).

nk: ankwoch, 'sometimes' (real).

ns: nsdmakwdn, 'water' {n with inherent vowel: '«).

pk: apkiildmsek, 'they are overwhelmed by the wind.'

pkw' : achdpkivalusk/ perch' (fish).

pn: chivopnokswdk'n, ' anchor' (not p'n).

ps: dsiips, 'grebe' (sort of crane).

psk: dpskeduk/ than.'

pt: appatdptozifk, 'they come back'; ndchipt, 'fetch' (imper.).

pzv: apzmtozvatichil, ' they stand.'

sh: apakzveshes, 'red-headed wood-pecker' (=s-h; not the English

sh).

sk: mask, ' find.'

skzt/ : peskzv, 'one.'

sm: iklism'n, 'White man '= ' Englishman '
; ismckzves, 'fish-hawk.'

sn: p'snut, 'basket.'

sp: kuspem, 'lake'; spdszveii, 'morning.'

st: chestcsit, ' he being angry '
; stdkniit, ' green.'

jw; k'loszvdk'n, ' word.'

th: petholatichihi, ' when they arrive.'

tk: atkeyi, ' string, cord '
; nskitkamikzi', ' world.'

tm: chepakatm'n, 'that you shall marry.'

ts: mits, 'eat' (imper.).

tsk: mitskun, 'animal dung.'

tzv: lakutzvdk'n, ' treaty.'

The intonation of the Passamaquoddy is highly tonic. Almost

every accented syllable indicates a voice-lift. The voice is dropped

on the syllable following the tone; half raised again on the third

syllable and dropped again on the fourth: lakutzvdk'n; pronounced

^'^kut'^^k'n. This peculiarity appears to be distinctively Passama-
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quoddy, as tlie kindred Alalisects speak very monotonously and with

no especially noticeable voice-lift on the accented syllable. The

Abenakis also have a monotonous tone, amounting practically to a

drawl.

MORPHOLOGY.

In Passamaquoddy, as in all the other Algonquin idioms, the

words are really only indifferent themes, which may be used either

in a nominal or a verbal sense. This phenomenon is too well known

to require elaboration, but it may be illustrated by the appearance of

such indeterminate roots in all the parts of speech ; thus, sak, ' be

strong, rule '

; as seen in iv' t-ach'ivi-saki ton I,
' he must rule '

; saklcyo,

'it is hard, difficult'; saklikimso, 'it is served up strong'; sakcni,

' chief '
; sak'mcnmiiiat, ' he who is chief '

; k'ti-sak'inawc'hil, ' I wish

to make you chief '
; sak'ma-zviktvdm, ' chief's house '

; sak'mazvel-

mekw'tcch, 'may it be hallowed '= ' made like a chief,' etc. Simi-

larly, the root os, 'shine,' appears in kis-os, 'luminary' (probably=
'what can [kis-] shine'); hence ^' moon, month'; el-ase, 'what

shines '
; nip-ausit, ' what shines at nig^ht

'
; specifically ' the moon '

(wi/'^' night '), etc. (see just below on ivli).

The SiTRSTANTlVE.

All substantives, including adjectival formations, are divided into

two classes, animate and inanimate, no attention being paid to sex-

gender, which is expressed either by prefixing or suffixing some de-

termining word, or else by the use of a distinct expression; kiiiclic-

mcs^ ' king ' (literally :
' King James,' the name of the first king whose

name the Indians heard); but kinchemes-iskzvc, 'queen,' with the

feminine suffix -iskwc (==' squaw'); mfdn, 'bear,' but ndpcskzv,

' shc-l)ear
' ;

pi'it'p, 'whale,' but skzvcmc'kzn', 'she-whale,' etc. It

should be noted that many substantives which we should regard as

inanimates are treated as animates in Passamaquoddy and con-

versely; as okim, 'snow-shoe' (an.); but sat-y-il, 'blue-berries'

(inan. pi.). Genuine inanimates are, e. g., t'm'litk'n, 'axe'; zvik-

zvaiii, 'house,' and words of a similar character.

The plural ending for animate nouns is invariably -k and for

inanimate -/, preceded as a rule by indeterminate connecting vowels

;
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mus, 'moose'; pi. mils'k; cs, 'clam'; pi. cs'k. Nouns ending in -/>

and dentals like sici'tap, ' man,' insert -y- and use the distinct ending

-ik; pi. skitdpyik; cf. also pilchisdp-yil, ' trouser-braces ' (inan.) ;

piljis^'EngWsh ' breeches '

-|- a/', 'hang'; lit.= ' hang-breeches.'

Participial forms in -t, like dp'it, ' woman/ palatalize t'lie ty into ch;

pi. e'pichik for cpityik. The same phenomenon of y after labials and

dentals appears in zvikhik'nepyei, 'inkstand' {zvikhik'n-ncp^ ' book-

water ' -|- -^^^ 'thing'), and in met-y-cwcstakw, 'he is saying' {mct-

= prolonged action + y + czvest, ' speak ' -j- participial ending -akw)

.

Note also sat-y-il (inan.), 'blue-berries.' I can find no trace of the

connecting vowels a, o and e (i) used after specific consonants, as

in Abenaki (cf. Prince, " Ascoli Memorial," p. 349). Sometimes,

however, after -j a plural in -w'k occurs, as kisos, 'month'; pi.

kis'iv'k, but, on the other hand, kakakus, 'crow'; pi. kakaknsk.

There seems to be a natural affinity in the labial and denial for the

connecting -y-.

THE ADJECTIVE.

Adjectives may be used as separate indeclinable particles i)rc-

ceding the noun; as k'chi ski'tap, 'great man'; sigi m'tdpekzuin,

' fierce warrior.' They may also appear in this indeclinable form

adverbially, as katamaykvi-k'timkiyik, 'while absent they hunt'

(lit. ' no\.'= katama -\- y, connecter, -|- 'being '=i-z£;i). Very com-

mon is the use of adjectives ending in -ko for animates and -k'n

for inanimates: u/liko ski'tap^ 'good man'; {)!. iv'likozv'k skitapyik;

w'lik'n zvikzudm, ' good house '
;
pi. zvlikn'lzvikzmm'l. The participial

-it (an.) and ck (ik) (inan.) is a common adjectival ending as

zv'likit, 'handsome' (an.); zvltkek (inan.). When the adjective is

inflected, it must agree with its nouns, which it may follow or pre-

cede: sdks'l picheyikil, 'long stockings' {^=^sdks'l). Some adjec-

tives end in -/, as nek'm'kil ski'tap, ' big man,' which is not an ob-

viative / (see below, Substantival Modifications, No. i). Adjectives

may be formed from nouns by the endings -zvi as skitdp-zm, ' human,'

and -(k)ezm: zvikzvamkezvi, ''homelike.'

The element 'W'li-{oli-) may also be used adjectivally without

inflection, as zv'li haus, ' good horse
' ; zu'li zvikzvdm, ' good house,'

and in innumerable combinations both nominal and verbal. Per-

PROC. AMER. PHIL. SOC, LIII, 213, G, PRINTED JUNE 20, I914.
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haps no better example of Passamaquoddy polysynthetic formation

can be had than the following partial list of the combinations pos-

sible with w'li: zi/lithdtm'n, 'he is glad of it'; k-elwut, 'good';

wlamto, ' he is good natured
'

; zv'Idsezvamvechiyania, ' they are

pleased with him '
; zv'laszvelt'm'n, ' he thanks for it

'
; olilelm'len, ' as

I wish you well
'

; olinnin'l, ' he rejoices at it
'

; zv'ldpemkuk, ' it bene-

fits hims ' ; idiotzmk'n, ' benefit ' (n.) ; zt/l-zviku, ' he lives well '
=

' is

rich '
; zvtdch'zvi-zv'l-ankeyozvdzv'l, ' they must take good care of him

'

;

uflapezvit, 'beautiful'; zv'lapezviii, 'handsome man'; zv'leyozi/l, 'he

treats her well
'

; zv'litham'l, ' he consents '
; zu'l-okhedim'k, ' sport,

game,' etc.

THE PRONOUN.

The demonstrative pronouns are yuf, 'this' (nearer); zvut,

' this '
; na, ' that,' indeclinable ; and nit, nit, ' that.' See below for

the obviative inflection. The relative for both classes and numbers

is eli-, followed by the participle: eli-uskichinzvit, 'he who is an

Indian
' ; eli-meksit, * who finds.' Sometimes the relative is expressed

by the participle alone : askozvaltichik, ' those who wait.' The inter-

rogative pronoun is as follows : animate zven, ' who
'

; obv. zjaen'l;

also= ' someone '
; obviative pi.= zuenihi; inanimate : ke'kzv, ' what

'

;

also =:' something'; pi. ke'kza/s'l, 'some things, things.'

A highly important feature of the language is the combination

of both nouns and verbs with personal pronouns, by which means

most of the inflection is carried on. In the following table of per-

sonal pronouns, it will be observed that the Passamaquoddy, like

its Algonquin congeners, has two first persons plural;, an inclusive

and an exclusive, the first of which implies that the person and

persons addressed are included with the speaker, while the second

form excludes the person or persons addressed; i. e., the firsts 'I,

you' and 'they,' and the second:=*I' and 'they.'

Separable Personal Pronouns.

I, nil. We (inch), kU'n.

Thou, kil. We (excl.), nil'n.

He, she, it, neg'm. You, kU'zi/au.

They, neg'mau.
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The primitive elements of the first, second and third persons

are n, k and w(o), prefixed in the separable pronouns above to cer-

tain demonstrative elements which are practically identical in all

the dialects. These elements n, k, iv^o) may also be prefixed to

nouns, to indicate possession, and to verbs, to denote conjugational

inflection. It will be noticed, however, that the separable pronoun

of the third person is represented by a demonstrative particle neg'm

(Abenaki ag'ma; Delaware nekama). This has no connection with

the zt'(o)-prefix, but is a combination of the ordinary demonstrative

n{a; ni), 'that one '-|- the asseverative ga, seen in gak (passim),

and the possessive -m (see below).

The following diagram will illustrate the Passamaquoddy method

of combining the pronominal n, k, zv(o) with the animate and inani-

mate forms of nouns in order to denote the possessive relation.

Def. An.

nimia nikwus, ' I see my mother.'

k'nimia kikwus, ' Thou seest thy mother.'

•u/nimial zvikwiis'l, ' He sees his mother.'

k'nimidnna kikwus'n, 'We (inch) see our mother,'

nimianna nikwiisfn, 'We (incl.) see our mother.'

k'nimidwu kikwus/'wu, ' You see your mother.'

w'nimidw'l zuikiinis'iv'l, ' They see their mother.'

Def. Inan.

nimi'ton nt'm'hik'n, ' I see my axe.'

k'nimi'ton k't'm'hik'n, ' Thou seest thy axe.'

wnimiHon w't'm'hik'n, ' He sees his axe.'

k'nimi'tonen k't'm'hik'nen, 'We (incl.) see our axe.'

nimi'tonen n't'm'hik'nen, 'We (excl.) see our axe.'

k'nimi'tonia k't'm'hik'n wu^ ' You see your axe.'

"ufnimi'tonia w't'm'hik'n'ivu, ' They see their axe.'

Def. An. Plural.

nimiuk nikiviis'k, ' I see my mothers.'

k'nimiuk kikwus'k, ' Thou seest thy mothers.'
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w'nimia wikwus, ' He sees his mothers.'

k'nimidnnawa kikzmsn'w'k, 'We (incl.) see our mothers.'

nimiannawa nikwusn'ii/k, 'We (excl.) see our mothers.'

k'nimiazvu kikivus'ii/k, ' You see your mothers.'

lifnimidwu wikwusw'l, ' They see their mothers.'

Def. Inan. Plural.

n'mi'ton'l nt'm'hik'n'l, ' I see my axes.'

k'nimi'ton'l k't'm'hik'n'l, ' Thou seest thy axes.'

n/nimi'ton zv't'nihik'n'l, ' He sees his axes.'

k'nimi'tonen'zv'l k't'm'htk'nen'l, 'We (incl.) see our axes.'

nimi'toncn''W'l n't'm'hik'nen'l, 'We (excl.) see our axes.'

k'nimi'ton'zifl k't'm'hik'n'zi/l, 'You see your axes.'

lifnimi'ton'w'l u/t'm'hik'nw'l, ' They see their axes.'

Indef. Animate.

nimia wikwus, ' I see a mother '
; zvikwus'k, ' mothers.'

k'nimia wikwus, ' Thou seest a mother '
; wikzvus'k, ' mothers.'

zifnimia wikwus'l, ' He sees another '
; wikwus.

k'nimidp'n zvikwus, 'We (incl.) see a mother; wikzvus'k, 'mothers.'

nimidp'n zvikzvus, 'We (excl.) see a mother'; zvikzvus'k, 'mothers.'

k'nimid'pa zvikzmis, ' You see a mother
'

; wikzvus'k ' mothers.'

zifnimidnia wikwus'l, ' They see a mother '
; zvikwus, ' mothers.'

Indef. Inanimate.

nimi'to t'm'hik'n, ' I see an axe
'

; t'm'hik'n'l, ' axes.'

k'nimi'to t'm'hik'n, ' Thou seest an axe
'

; t'm'hik'n'l, ' axes.'

zjt/nimi'to t'm'hik'n, ' He sees an axe '
; t'm'hik'n'l, ' axes.'

k'nimi'tonep'n t'm'hik'n, 'We (incl.) see an axe'; t'm'hik'n'l, 'axes.'

nimi'tonep'n t'm'hik'n, 'We (excl.) see an axe'; t'm'hik'n'l, 'axes.'

k'nimi'to'pa t'm'hik'n, ' You see an axe
' ; t'm'hik'n'l, ' axes.'

zx/nimi'tozifk t'm'hik'n'l, ' They see an axe
' ; t'm'hik'n'l, ' axes.'

The scheme of the possessive prefixes and suffixes for nouns is

then as follows

:
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Animates, Inanimates.
Singular. Singular.

n k 'n k en

k n 'n n 'I n en

w / w ml k k 'ivu

ZU li/l w w 'wu
Plural. Plural.

n k k nufk n k en'l

n nufk n en'l

k k k urk k 7 zi' zi/l

zv (i, o) zv zi/l ZU 7 k zv'l

When a noun begins with a vowel or with an / (really 7 with

inherent vowel), a dental is inserted after the pronominal prefix:

nt-akim, ' my snow-shoe '
; nt-latzvetvak'n, ' my language.' When a

noun begins with zv, as zuikzvus, the zi^prefix. coalesces with the

initial, as shown above. Many substantives beginning with m,

especially those denoting a part of the body, lose their m when in-

flected possessively : m'huk, ' body '
; n'huk, ' my body,' etc.

Substantival Modifications.

The following seven noteworthy modifications of the substantive

appear in Passamaquoddy

:

I. The so-called obviative or accusative-ending of the third person

occurs only when the animate noun stands in connection with a verb

or possessive pronoun in the third person. There is no inanimate

obviative. This accusative, which is peculiar to all the Algonquin

dialects, is denoted in Passamaquoddy by -/ in the singular, and in

the plural often by the absence of any ending, or by -i, -o. The fol-

lowing instances will suffice to illustrate the application of this form

:

(a) zi/nimial hadszifl, ' he sees the horse,' but k'nimia haas, ' thou

seest the horse'; {h) zs/t-aaszu'l, 'his horse'; pi. zif't-a-as, 'his

horses'; zvikzviis'l, 'his mother'; pi. zvikzvus, 'his mothers'; (c) to

express a dative relation: zv'milan hadszt/l skitdpyil, 'he gives (him)

the horse to the man,' but k'milen haas, ' I give thee a horse
'

; cf.

also in the participle : notachil, ' those who hear him.' As to form,

note the sing. obv. skitdpyil, ' man
' ;, muinyil, ' bear,' but pi.

skitd'pihi; muini; hadso; miiso, 'moose'; ma'tekzvess-o, 'rabbits';
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wd'sis, ' children
'

; hamives, ' bees.' Note the double obv. ending in

ep'siyil, and also regularly cp'si, ' trees,' from ep's. The obv. pi. is

irregular in the demonstrative pronouns, which are inflected as fol-

lows: wut, 'this'; obv. sing, ivut'l, and zvahat; pi. an. wut'k; obv.

wutihi (often zvahat); pi. inan. wnt'l; yiit, 'this' (nearer); obv,

sing, yut'l, and yahat; pi. an. yiikt, obv. yn'tihi (often yahat) ; inan.

pi. yu't'l; na, 'that' (indeclinable); ni, nit, 'that' (nearer); obv.

sing, ni't'l, and nihit; pi. an. nikt; obv. nihit (rarely ni'tihi)
;

pi.

inan. nilt'l. The distinction between the singular and plural ob-

viative is often not observed, even in nouns and verbs.

This case frequently appears as the subject of a sentence.

pechihalina zi/skinosis'k zv'nichdlkzv'l, ' then comes the lads' uncle
'

;

mach'kozvditit pescsinozvi nisiimatichihi, 'as soon as their star-hus-

bands have gone away.' Sometimes the obviative is omitted entirely

:

w'neklan lamp'kzvinoskzvesis' k, ' he leaves the water-sprites
'

; a

fairly common phenomenon. The obviative frequently appears in

verbs : zvitapekamdspenihi, ' he was a friend to them.'

There is no trace in Eastern Algonquin of the so-called sur-

obviative or third personal accusative of the Cree and Ojibwe.

2. The locative-instrumental is expressed by -k; pi. -ikiik, which

has the force of a number of English prepositions; viz., 'at, by,

from, in, into, on, to,' according to the directive force of the verb

with which it stands in construction : Pcssank, ' at Bar Harbor
'

;

kozvds'k, ' by means of a log,' a common locution ; zvechi-notgdt'zvul-to

ziftun'k, ' they crawl out of his mouth
'

; nioskesi'to paskdn'zvikttk,

'he crawls out of the pits'; zmkzmni'k, 'in' or 'into the house,'

according to the sense of the verb; kozvdsnoh, 'on a log'; k'm'tki-

nans'n'k, ' to our land,' etc. The locative -k is regularly inflected

with the possessive suffixes as follows: nt'm'Mk'nk, 'on my axe';

k't'm'hik'n'k, ' on thy axe
'

; zift'm'hik'nk, ' on his axe '
; k't'm'hik'n'n'k,

'on our axe' (incl.) ; nt'm'hik'n'n'k, 'on our axe' (excl.) ; k't'm'hi-

k'n'zv'k, ' on your axe '
; zv't'm'htk'n'zu/k, ' on their axe.'

3. The vocative element -tuk as in nitapc'tiik, ' O my friends
'

;

zvdsistuk, ' O my children,' used only with the plural, had originally

a dubitative meaning= ' as many as there are.' This force is still

existent in Cree and Ojibwe.
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4. The possessive suffix -m contains the same demonstrative ele-

ment as the -m of neg'm, 'lie, she, it': nt-ads'm, k't-ads'm, 'my, thy

horse,' etc.

5. The diminutive -sis is very common : t'm'htk'nsis, ' Httle axe
'

;

pilskwesis, ' girl ' {pil, ' young ' + skwe, ' w^oman ' -f sis) , etc.

6. Here must be noted also the movable future -ch, which may be

affixed indifferently to nouns or to verbs : k'nimiol-ch, ' I shall see

you,' but wikwdm-ch nimi'ton, ' I shall see the house.' There is

another more vivid future expressed by li, 'go,' preceding the verb:

k't'li-nimiol, 'I shall (am going to) see thee.'

7. Finally in this connection, similar to the -ch is the movable

conditional particle -p, as nt'liap'np sdmakzvan'k skatnchi piskononok,

'we (excl.) should go upon the water, if there were no fog'; here

with the verb, but tahalo-p ke'kw-yali kwilwatakiv, 'as if they were

seeking something' (ke'kzv). Sometimes this appears doubled:

nil'p-lo nt-etiim-niszvincn'p ,
' I should take it along.'

So far as I am aware there is no interrogative state such as

occurs in Ojibwe. As in all Algonquin dialects, the genitive relation

is expressed often by means of simple apposition: aut nimcskzi/k,

'road {aut) of the spirits'; otenesis zv'li-p'maus'zvin'zi/'k, 'a village

(otenesis) of good people'; often, however, by the locative -k;

sipsis'k skzvu't'k, 'birds of (in) fire' {skzvu't'k). Sometimes the

genitive is indicated by the possessive relation : zi/skinosis zi/ni-

chdlkzju'l, ' the lad his uncle '.

As shown above, the dative is expressed by means of the verb

and obviative substantive, if the verb is in the third person.

THE VERB.

The imperative is the simplest form of the verbal root, as is the

case in most languages ; thus : kzvaskzv, ' run thou '
; kzvaskzifhikw,

' run ye '
; kzvaskwech, ' let him run.'

The present tense is the main tense of the Passamaquoddy verb,

as from it the future, conditional and past are formed by means of

suffixes. In fact, it may be truly said that the present is the only

real tense of the language. The present is often used for the past

in vivid narrative. The following example of the present of the
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intransitive stem p'maiiso-, 'walk, live' (= /''mt= prolongation

+

aus, 'live'), will suffice to show the combination of this intransitive

form with the pronominal elements : np'maus, ' I walk
'

; k'p'maus,

' thou walkest
' ; w'p'mauso, ' he walks

'
;

' is walking
'

; k'p'maus-

ip'n, 'we (incl.) walk'; np'maus-ip'n, 'we (excl.) walk';, k'p'maus-

i'pa, ' you walk
'

; w'p'mails'w'k

,

' they walk.' Note also the participle

p'muiso, 'he is in the act of walking'; kzven-ausit, 'as long {kzven)

as he lives,' or m'si-eli-p'mausit, 'all the time {m'si) while {eli-)

he lives.' Sometimes the singular of the intransitive verb ends in

-in: n'kwdskivin, 'I run'; {k')kwdskmin, 'thou runnest'; zv'kwask-

win, 'he runs.'

The combination of the pronominal elements with the transitive

verb is the most difficult feature of the language and is sufficiently

illustrated by the following paradigms and scheme of prefixes and

suffixes. Note that all forms marked in the following schedules with

a single asterisk are indefinite ; those with two asterisks show a

dative force (cf. We—Thee, Incl. in the Paradigm) ; forms with

three asterisks have both indefinite and definite force, Avhile all

forms not designated are definite. All forms in Italics are negative

and must be preceded by the negative particles kat, katama, skat,

' not.' All forms in Roman are positive. The -ep, -p, -s, -epus

forms in parentheses indicate the imperfect or conditional-subjunc-

tive. Ind. = Indefinite ; Def .= Definite ; P :^ the Imperfect ( Past)
;

An. = Animate; Inan. = Inanimate. All forms in Roman are

positive,

PARADIGM OF NIM—" TO SEE."

I—Thee: k'nimiol(-ep) ; k'nimi6lo{-p; -pus). When the verb-stem

ends in -1, as mil, ' give,' this form becomes k'milen.

I—Him-Her:^nimia (-p) ; nimidzvi (-/>; -s).

I—It: Ind. nimi'to (-p'n) ; nimi'towi (-p; s). Def. nimi'ton(-ep) ;

nimi'tozjmin {-ep).

I

—

You: k'nimiolpa (-p) ; k'nimiold'pa(-pus).

I—Them (An.) : Ind. nimia ; nimiazvizmi (-p). Def. nimiuk ; P. nimia-

penik; nimiazvizvuk ; P: nimiazuizvdpenik.

3 In this verb, the forms : nimia, nimi'to, nimi'ton'l stand for n'nimia,

n'nimi'to, etc., with the prefix n' of the first person, assimilated to the n of

the verbal root. The second personal k' also assimilates to a &-stem : kwds-

kwin, ' thou runnest.'



I9I4.] PASSAMAQUODDY LANGUAGE OF MAINE. 105

I—Them (Inan.): nimi'ton'l; P: nimi'tonepenil ; nimi'towunul; P:

nimi'tozvunepenil.

Thou—Me:* k'nimi-h-i (-p; -pus) ; k'nimihiwi{-p)

.

Thou—Him-Her : k'nimia (
-p ) ; k'nimidwi {-p).

Thou—It: Ind. k'nimito(-p) ; k'nimi'towi{-p). Def. k'nimiton-

( -ep ) ; k'nimi'towun ( -ep )

.

Thou—Us: k'nimiap'n(-ep; -es) ; k'nimiawip'n {-ep).

Thou—Them (An.) : Ind. k'nimia ; k'nimiazmwu. Def. k'nimiuk

;

k'nimiawiwnk; P: k'nimiapenik; k'nimiawiwdpenik.

Thou—Them (Inan.): Ind. k'nimi'tonia; k'nimi'tozmino. Def.

k'nimi'ton'l ; k'nimi'towun' I.

He-She—Me: nimi6g'n(-ep) ; nimi6g'wi{-p).

He-She—Thee : k'nimiog'n ( -ep ) ; knimiog'wi {-p).

He-She—Him-Her: Ind. w'nimia(n) ;^ zi/nimidwi (-p'n). Def.

w'nimial; P: w'nimiap'n; zi/'nimiazuiwul; P: zv'nimiazvip'n.

He-She—It: Ind w'nimi'to (-p) zv'nimi'tozm{-p). Def. w'nimi'-

ton(-ep) ; zv'nimi'tozmm{-ep).

He-She—Us: k'nimi6g'nen(-ep) ; k'nimiog'zvinen{ep).

He-She—You: k'nimiog'wu (-ep) ; k'nimiog'zmzvu (-p).

He-She—Them (An.) : Indef . w'nimia ; zi/nimiazvizvu. Def. w'ni-

miuk; P: w'nimiapenik ; zn/nimiazviztjuk; P: zi/nimiazvizmpenik.

He-She—Them (Inan.): w'nimi'ton'l ; P: w'nimi'tonep'n ; zv'ni-

mitozvnnul; P: zi/nimi'tozvunepenil.

We (Incl.)—Thee: k'nimiolp'n (-opus) ; k'nimiolop'n; P: k'nimio-

lopop'n (-us), but note k'pechiptolnen(-ep) =Def. 'we bring

it to thee'; k'pechiptol6nen{-ep).

We (Incl.)—Him-Her: Indef. k'nimiap'n (-ep) : k'nimiazvip'n-

(-ep). Def. k'nimianen (-ep) ; k'nimiazvinen {-ep) ; k'nimianna;

k'nimiazvinna.

We (Incl.)—It: Indef. k'nimi'tonep'n(-ep) ; k'nimi'tozmp'n {-ep).

Def. k'nimi'tonen (-ep) ; k'nimi'tozuinen {-ep).

* The element -h- is a connecting consonant here.

s The n-form, really participial, is often definite; see note 9 below.
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We (Incl.)—You:" k'nimiolp'n (-ep and -opus) ; k'nimiolop'n; P:

k'nimiolopop'n. This form has a similar dative combination to

that in We (Incl.)—Thee above, i. e., k'—olnen; k'—olonen.

We (Incl.)—Them (An.): Indef. and Def.^ k'nimiannawa ; P:

k'nimiannawapenik ; k'nimiazvinnazva; P: k'nirniaivinnawdpenik.

Def. k'nimiannawiik ; P: k'nimiannawepenik ; k'nimiawinnawuk

;

P: k'nimiazuinnawepenik.

We (Incl.)—Them (Inan.): k'nimi'tonenwul ; P: k'nimi'tonenepenil

;

k'nimitozvincn'ziml; P : k'nimi'tozvinencpcnil.

We (Excl.)—Thee, Him-Her, etc., differs from the above forms

only by the n-preformative instead of the k'.

You—Me:* k'nimi-h-i'pa ; k'liiiiii-h-izvi'pa.

You—Him-Her: Indef. k'nimia'pa (-p) ; k'nimiazvi'pa (-/>). Def.

k'nimiawa (-p'n) ; k'nimiazmzva{-pn)

.

You—It (Indef.): k'nimit6'pa(-p'n) ; k'nimitowi'pa{-p'n). Def.

k'nimitonia; P: k'nimitoniaspenil ; k'nimi'tozviino; P: k'nimi'-

tozvizvdspenil.

You—Us:* k'nimi-h-ip'n (-ep; epus) ; k'nimiyazmp'n{-ep ; epus).

You—Them (An.) : Indef. k'nimiania ; k'nimiazuiyania. Def. k'ni-

miawa ; P : k'nimiawepenik ;^ k'nimiazvizvu; P : k'nimiazvizvepenik.

You—Them (Inan.): Indef. k'nimi'tonia ; k'nimi'tozvuno; P: k'nimi'-

tonepenil ; k'nimi'ton zvhvepenil. Def. k'nimi'ton'wul ; k'nimi'-

tozvun'zvul.

They—Me: nimioguk; P: nimiogopenik ;^ nimiog'zvizvuk; P: nimi-

og'zvizvepenik.

They—Thee: k'nimiogtik; P: k'nimiogopenik ; k'nimiog'zvizvuk; P:

k'nimiog'zvizjvepenik

.

^ Note that We-Thee is identical with We-You, no distinction being made

here between the singular and plural object. But cf. They-Thee and They-

You, where the distinction is made

!

'J' Note the apparently arbitrary difference in vowel in the past: -wdpenik

for the Indef. and -wepcnik for the Def. Observe that k'nimiannawa is used

both with indefinite and definite nouns. When the noun is not expressed

k'nimidnnawuk is used.

8 The in -opcnik is plainly due to vowel harmony from the 5 inherent

in nimioguk, but note the in zv"nimi'towiwop enik, ' they do not see it,' where

the o-vowel seems to be due to assimilation to the negative zv.
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They—Him-Her: Indef. w'nimiania ; P: w'nimiapenik; zu'nimia-

zviyania; P: w'tiimiawiwdpenik. Def. w'nimiawul ; P: w'nimia-

wapenik ; ufnimiaziizvul ; P : zi/nimiazvizvapenik.

They—It: Indef. w'nimi'towuk; P: w'nimi'topenik ; zv'nimi'tozvi-

zi'uk; P: zv'niini'tozviz<.'6penikf Def. w'nimi'tonia ; P: w'nimi'to-

niapenil; zv'nimitozjouno; P: zv'nimi'tozvimiapenil.

They—Us: k'nimiog'n'wuk ; P: k'nimiog'nopenik ; k'nimiog'win'zvuk;

k'nimiogzvizvdpenik

.

They—You: k'nimiog'wuk ; P: k'nimiogopenik ; k'nimiogozvizvuk;

P : k'nimiogozmzvepenik.

They—Them (An.): Indef. w'nimiania; P: w'nimiawapenik ; zji/ni-

miazvazviydnia; P: zu'nimiazvizvdpenik. Def. w'nimiawa or -wul;

P: w'nimiawepenik ; zv'nimiazcizvu or -zvul; P: zviiimiazviwapenik.

They—Them (Inan.) : Indef. w'nimi'tonia; P: w'nimi'toniapenil

(-aspenil) ; zifnimi'tozvuno ; P: zv'nimi'tozmmidpenil {-aspenil).

Def. w'nimi'ton'wul ; zv'nimi'tozvunzvul; P: w'nimi'tonvvepenil;

zij'nimi'tozviincpeniL

Participial Forms.*

I—Thee: nimiolun; tayowe k'nimiol; nimiolozvun; tayozue k'nimiolo.

I—Him-Her: nimian; tayowe nimia; nimiazvizvim ; tdyozve nimidzvi.

I—It: nimi'toan; tayowe nimi'to(n) f nimi'tozvizvun; tayozue nimi-

^ The n-iorm seems to be optional.

'tozvi.

I—You: tayowe k'nimolpa; tdyozve k'nimiol6'pa.

I—Them (An.) : tayowe nimiuk ; tdyozve nimiazvizvuk.

I—Them (Inan.) : nimi'toanul ; nimi'tozmzvanul.

Thou—Me: nimihiyin; nimihizviyin.

* These forms are used in subordinate as well as in hanging clauses; thus,

nimiolun, '(when) I see thee,' is also expressed by the finite construction,
tayowe k'nimwi. In many instances the purely participial form seems to be

lacking, as in I-You, I-Them, etc. I believe, however, that there are participial

forms for all the combinations; possibly forms which my Indian informant

did not happen to think of at the moment. In the kindred Canadian Abenaki,

it is possible to place purely participial forms for all almost all the possible

phrases (Prince, Miscellanea Linguistica in Onore di Graziodio Ascoli, p. 358,

Ascoli Memorial).
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Thou—Him-Her : k'nimiyas ;^'' nimian ; nimiawiyan.

Thou—It: k'nimitoanes;" nimi'toan; nimitozuiwun.

Thou—Us: k'nimiyapenus ;" nimiyap'n; nimiawip'n.

Thou—Them (An.): k'nimiuk; nimian (?) f nimiwiyan.

Thou—Them (Inan.) : nimi'toanul ; nimi'towiwdnul.

He-She—Me : nimihit ; nimihikzv.

He-She—Thee: k'nimiog:^- k'nimiog'wi.

He-She—Him-Her: tayowe w'nimial; nimia'tit; nimiyakw.

He-She—It: nimi'toan; nimi'towiwun.

He-She—Us: tayowe k'nimiog'nen ; k'nimiog'zvinen.

He-She—You : tayowe k'nimiog'wu ; k'nimiog'wiwu.

He-She—Them (An.): w'nimia'tit ;,^3 u/nimia'tikw{f).

He-She—Them (Inan.) : tayowe w'nimi'towul ; zifnimi'tozviwul.

We—Thee: tayowe k'nimiolp'n; tdyozue k'nimiolop'n {-opus).

We

—

Him: tayowe k'nimianen or k'nimiap'n; tdyozi^e k'nimiazmp'n;

niviiydzvin{-us)

.

We—It: tayowe k'nimi'tonen ; tdyozve k'nimi'tozju'inen; nimi'tozi/-

nezum(-us).

We

—

You: tayowe k'nimiolp'n; tdyozve k'nimiol6p'n{opus)

.

We—Them (An.): tayowe k'nimiannawuk ; tdyozve nimidzvan{-6s-

penik).

We—Them (Inan.) : tayowe k'nimi'tonenwul ; tdyozve nimi'tozn/-

nezvin ( -ospenil)

.

You—Him-Her: tayowe kilwau k'nimiyawa ; tdyozve k'nimiyazmzva.

You—Him-Her: tayowe kilwau k'nimiyawa; tdyozve k'nimiydzvizva.

10 The ending -s is common in the past (cf. We-Them, participle) and

may often be substituted for the characteristic -p, or even combined with it,

as -pus (We-Thee; We-You). I suspect that k'nimiyas, k'liimi'todnes, k'ninii-

yapenus are really past forms here; i. e., that my informant understood the

English 'see' in the past sense, following the New England dialect of English

where ' see ' = ' saw.' The niniian-iorm, which is purely participial, seems to

be indeterminate, as it means ' I seeing him,' ' thou seeing him, them.' This

is also the case with Abenaki namihoan, namitoan.
11 Finite forms ; nimi'toan and nimiyap'n are the real participles.

12 Note absence of the finite -n; k'nimiog'n, 'he sees thee.'

13 It is strange to find the w-prefix before a participial form ; cf . They-
Them in this list.
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You—It: tayowe k'nimi'tonia; tayowe k'nimi'ton {-iaspenil) ;^* sic!

You—Us: tayowe k'nimihip'n ; tayowe k'nimiawip'n.

You—Them: nimiowuk; nimiowiwuk.

You—Them (Inan.) : tayowe k'nimi'tonia ; tdyozve k'nimi'towunzmil.

They—Me: nimihiyoguk ;^^ nimihiog'wiwuk.

They—Thee: tayowe k'nimioguk: tayowe k'nimiog'wiwuk.

They—Him: tayowe w'nimiawul; tayowe zi/nimiawiwul.

They—It: tayowe w'nimi'tonia; tayowe w'nimi'towuno.

They—Us: tayowe k'nimiog'n'wuk; tdyozve k'nimiog'n'win'wuk.

They

—

You: tayowe k'nimiog'wuk ; tayowe k'nimiogowiwuk.

They—Them (An.): tayowe w'nimia'titit^^ or nimia'tit; tayowe

w'nimiazviwu.

They—Them (Inan.): tayowe w'nimia'totit; tayozve za/nimi'towun'-

wul.

Passive.

'I am seen,' nimioguk (=r'they see me')
;
(katama) nimiog'zmwuk.

'Thou art seen,' k'nimiuk;^" {katama) k'nimiokiu.

'He is seen,' w'n'mikw'so; {katama) zv'nhnikzv'siu.

'We are seen,' k'nimiokep'n
;
{katama) k'nimiokep'n}''

'You are seen,' k'nimiokepa; {katama) k'nimiokepa.

'They are seen,' nimikw's'wuk; {katama) nimikw'siwiyik.

'To Have' (an. object sing.).

'I have,' nt-i-wa (-p) ;^^ nt-i-yiwdwizv {-wip'n).

'Thou hast,' k't-i-wa (-p) ; k't-iyiwdzviw {-zvip'n).

'He has,' w't-i-wul ; P: w't-i-wap'n or w't-waspenil ; zv't-i-wazviwiil

;

P: zv't-i-zvazuip'n; but w't-i-yowan, 'he has them.'

'We (Incl.) have,' k't-i-wap'n (-ep) ; k't-i-yiwawip'n {-ep).

'You have,' k't-i-wa (-pn) ; k't-i-yiwdzvina {-p'n).

1* This can hardly be correct as a negative form. It seems to be a past

form, owing to the -s- in -dspenil.

15 Apparently a pure participial formation. The finite form ' they see

me ' = nimioguk.
1^ Apparently a pure passive. Note the finite k'nimioguk, ' they see thee.*

1'' It is strange to find no distinctively negative form here.

1^ Probably should be nt-i-wap'n, kt-i-wap'n in the past.
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'They have,' Indef. w't-i-yania; P: w't-i-yapenik; zv't-i-yiyawiydnia.

Def. w't-i-yawul ; P: w't-iyawap'n; zu't-iyawkvul.

' To Have' (inan. object also= ' to be').

n't-i-yin (-es; -ep'n).

k't-i-yin (-es; -ep'n).

w't-i-yin (-es; -ep'n).

k't-i-yip'n (-es; -ep'n).

k't-i-yi'pa (-es; -ep'n).

w't-i-yinia; P: w't-i-yipenik.

w't-i-wnl; P: w't-i-yipenil.

Irregular Elements of " To Have" and " To Be."

Third Person Singular: al-ech, 'let it be'; el-e-sin/^ 'where he

is '
; eyik, ' he (really ' it ') is '

; eyit, ' where he is ' ; el-eyit, ' where he

is'; el-i-y-ijil^obviative of eyit; eyin, 'it being'; meskw nit

el-i-nook, 'before this is so' (neg.) ;-" tan ot'1-i-yin,-^ 'however it

may be '
; ch'wi-1-eyo, ' it must be '

; w't-ach'wi-t-iwal, ' he must have

it'; kis-iyit,^- 'it having been'; w'-kichiyawi-wanyogonia, 'they

have enough of it.'

Third Person Plural: m'si ayale, 'all who are'; eyoltitit, 'they

being' (reflex.) eli-y-oltitit, 'as they are' (reflex.); el-igek, 'they

who are'; etutek, 'they being'; eyilit; obv. eyilijil, 'where they

are'; iakw, 'where they are'; weji-ya-witits, 'where they were'

(with -s= Past).

SCHEME OF VERBAL PREFIXES AND SUFFIXES.

Me. Thee. Him-Her. It.

I k

—

ol,-el(-en) n—a, u *n—to

k—olo n—awi * n—towi

n—ton

n—towun

If" Note e for i in cl-c-sin, cyik, eyit, due to vowel harmony.

' he has taught me.'

20 Meskw, which is used in the sense ' before,' really means ' not yet,' and

therefore takes the negative verb.

21 Note the phonetic / before the vowel root and the connecting -t- be-

tween the prefix and the /.

^^ Kis, 'already,' is the sign of the perfect tense; thus, nkis-ake'kimkon,

' he taught me.'
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Thou k—

i

k—hvi

k-—a, u

k—aivi

* k—to

* k—towi

k

—

ton

k—towun

He-She n—gon, g'n

n—g'wi

k—gon, g'n

k—g'wi

*w'

—

a(n)

*w—awi

w—al

w—aivhvul

*w—to

*w—towi

w—ton

zv—towun

We (Incl.) *k—olp'n * k—ap'n * k—toncp'n

*k—olop'n * k—awip'n * k—loivip'n

**k—olntMi ** k—ancn, anna k—tonen

k—oloncn k—azvincn, k—towinen

cnvinna

We (Excl.)

You k

—

i'pa

k—iwi'pa

They n—oguk

n—og'wiwuk

*n—olp'n

*n—olop'n

**n—olnen

11—uloncn

k—oguk

k—og'wiwuk

* n—ap n * n—toncp n

* n—awip'n * n—tozuip'n

n—ancn, anna n—toncn

n—awinen, n—tozvincn

azvinna

* k—a'pa * k—to'pa

* k—azvi'pa * k—tozvi'pa

k—awa, u k—tonia

k—awiwa ( m ) k—town n

'w—an I a

*w—awiyatiia

w—wul

w—azviwtil

*w—towuk

*w—towiwuk

w—tonia

w—towuno

Us.

Thou k

—

ap'n

k—awip'n

He-She k—og'ncn

k—og'wincn

You. TiiKM (An.). Thkm (Inan.).

k—olpa * n—a, u *** n—ton'!

k—olo'pa * n—awiwu n—towun I
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kaii-d-il-it, ' as soon as they have gone off together,' etc. Motion is

expressed by pech-: 'pechiyan, 'when I come'; zifp'chitakan, 'he

sends him'; pechi-pawatmat, 'he is always desirous'; pechipha, 'he

brings him,' etc.

' ]\Iust ' is expressed by the insert ach'zm: tv't-dch'wi-sakiton'l, ' he

must rule
' ; and in the future : k't-ach'wi-t'li-zvichiy'n^ ' thou shall

be {t'H-) compelled to take heart.'

Desire is indicated hykti-: zv k'ti-nimial, 'he wishes to see him';

k'ti-elo'kelit, ' what he wishes to do.'

There are many other such particles too numerous to mention in

an article of this length.

As in all other Algonquin idioms, in the combined forms, the

second person always takes precedence over the first and the first

person over the third. Thus, in the forms k'nimiol^ ' I see thee,'

where the second person is the object and in k'nimidp'n, 'you see

me,' where the second person is the subject, the second personal ele-

ment comes first. In such forms, however, as nimia, ' I see him
'

;

nimi'to, ' I see it,' the first person appears in the first place.

The sign of the negative is the infixed «-vowel which, as shown

above, frequently appears as o and often as zi'.

The use of the participle is most varied. Thus, it may take the

place of the relative form as 7tit pazvdlkzvak, ' this is what is wanted

'

(passive indicated by -kzv), or it may be used to denote the action of

the verb governed by a preposition wechi-nimiohin, ' in order for me
to see thee,' or else it may be employed as a conditional: 'if or

'when I see thee'= nii)iioIiin. The negation of the participle is

formed in the same way as the negative of the finite forms, vis., by

infixation of m, o, zv.

Any noun may be verbalized by the ending e-: zv'skitdp-e, ' he is

a man'; by -czvi: tan etuchi zc'skitdpezvi, 'so long as he is a man';

by -ezviu: zi/skitdpezviu, ' he becomes a man ' ; also by participial end-

ings : zv'skitdpezuit, 'he who is a man'; or by -(zv)eleso: zv'skitdpe-

zveleso, ' he becomes a man.'

Practically all the Passamaquoddy verbs are conjugated after the

above model, most of the minor variations which occur being due to

phonetic peculiarities.

PROG. AMER. PHIL. SOC, LUI. 2I3 H, PRINTED JULY I, I9I4.
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NUMERALS.

The numerals up to five present three forms ; vi::., a form used

chiefly in counting, and adjectival animate and inanimate forms, as

indicated by the following list. There is no trace of peculiar numer-

als used only with certain classes of substantive, as, for example,

with round objects, etc., such as occur in Ojibwe.

In Counting, Animates. Inanimates.

one nekw't peskzv; obv. -l peskw
peskzv ' one, each

'

occasionally : nekw't

occasionally : nekw't

two tabu v.lswiik msn'l

obv. : nlso

three sist iwzvuk nuw'n'l

obv. : noho

four neu ncwuk new'n'l

obv. : ncwo

five nan nan'zu'k nan'w'l

obv. : nano

six kamdchin kamachin-keswuk kamdchin-kesn'l

obv. -keso

seven 'Iwik'n'k 'Izvik'n'k-keswuk 'Iwik'n'k-kesn'l

obv. -keso

eight 'km"lcliin 'km"Icliin-keswnk 'k"mlcliin-kesn'l

obv. -keso

nine eskzx/ndtek eskzi/ndtek-kcswiik cskw'ndtek-kesn'l

obv. -keso

ten m'tul'n m'tul'n-keswuk m'tidn'-kesn'l

obv. -keso

From eleven to fifteen, the numerals are formed from the tens

by affixing for the animate and inanimate -anhoso-zvnk ; ohv. ankoso;

ankosowl, respectively : nisankosozvak skitayik, ' twelve men
'

;

nsankoso-zvuk (obv. -zvo) ; inan. -zv'l, 'thirteen'; neivanko-, 'four-

teen,; nananko, 'fifteen.' From sixteen to nineteen the affixed ele-

ment is -kesanko: kaindchin-kesdnkosozvtik (obv. -kesdnkoso) ; inan.

-kesdnkosozv'l^ etc.

From twenty on, the cardinal elements are as follows: nisinsk-,

'twenty'; ns'insk-, 'thirty'; ncozvinsk-, 'forty'; naninsk-^ 'fifty';

kamdchin-kesinsk-, 'sixty'; 'Iwik'n-kesinsk, 'seventy'; 'km"Ichiii-

kesinsk, ' eighty '
; eskzsu'ndtek-kesinsk,

' ninety' ; nekzv'tdt'kzv-, ' hun-
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dred.' The animate and inanimate plurals are made from these

forms by affixing the element; animate -kekiv'soivuk (obv. -ke-

'kw'so); inan. -ke'kw'-sotv'l; as ncozcinsk-ke'kzu'sozcuk skitapyik,

' forty men,' etc.

The ordinals, with the exception of amsk'was, ' first,' are formed

from the cardinals by adding -eivei (nisczvci, 'second'; nozvezvei,

'third,' etc.), until tenth which is nekzu'tinskezvei. To the element

-anko of the -teens is added the ending -zvezvei; neozi'dnkozcezcei,

' fourteenth,' and to the ending -iiisk is added -ekez^'ei; as nisiiiske-

kezuei, ' twentieth.'

The numerals are usually inflected adjectivally preceding their

substantives, but they may be used indeclinably, as eskz^''ndtek-

kesok'niu, ' nine days.'

The following love-song will serve to illustrate both the present

musical style of the tribe, which is undoubtedly influenced by the

Roman Catholic Gregorian chants of their missionary priests, and also

the construction of the language. It should be noted that the last

syllable li of the song must be prolonged as much as possible, and

finally allowed to end with a rapid expulsion of the breath, this is the

so-called " die-away " which is a characteristic of much of the

American music.

Peski k'f-el-dpiii elnn-iiclcinzcik

Lonely thou lookest up-stream

Elmi-sikzvak-Io takz^'dk'iizvi-lok-Io

In spring and in autumn

;

CJuptnk k'nimihi-sa kzcilakzccyun

Perhaps thou mayest see me seeking thee.

Kuzvcnodhi U; kuzvcnodin U.

It is long O ; It is long O !



116 PRINCE—MORPHOLOGY OF THE [April 25.

Ih *, - i y
^

Pes - ki k'te-la - pin el - mi -

m ^^^ ^^—d-&

ne - lem-wik; el - mi - si-kwak-

Iffm ^^^^mi* J ^ V J ^
15 ta-kwa-k'n - wi-lok-lo chip-

PfW^
'r J-f^'JJ^

tuk ke-ni - mi - hi - sa kwi - la-kwe-yun

^^ zz

ku - we - no - din

rPi i J. i I J,

-/T^

^^ V

—

V
- no - din uu ku - we
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Commentary.

In the above song, peski is adverbial from peskw, ' one ; lonely
'

;

k't-el-apin: /e= second person -|- the infixed -t- before a vowel -J- ^^,

the element of prolongation, ' thou art doing it ' -\- ap, ' look '

-f- the

intransitive in, seen above in the conjugation of kwaskw, 'run';

elmi-nelemzvik: ehni= ' he'mg; while there '-{- neleuizvik^ which also

occurs in the form niil'rmik, showing the indeterminate vowel= ' up '

—here probably ' up-stream '
; cluii-sikzi'ak-lo: ^///n, here, =' during

'

-|- sikwak, a musical prolongation of sikii/k, ' in spring ' -\- Id, the

asseverative particle; takzmk'mvi-lok-Io: takwdk'n, ' autumn,' -j- the

adjectival -wi-\- the verbal inan. -lok-\- the asseverative -lo; chip-

tuk, probably contains the same element as the future -ch -\- the

verbal p't-\- the inan. participle -«^=:'when it may be'; k'nimi-

hi-sa, 'thou seest me' with the conditional -sa; kzcnlakzviyuii: kzvil,

' seek,' -|- the formative ak -\- (zi')iyun, participial,= I— Thee;

kuzjuenodin U: kzven, 'he long,' -f- the intransive endings -(o)din-\-

the exclamation U= 'Oh.'



DISCUSSION OF "A KINETIC THEORY OF
GRAVITATION."

(Plate I.)

By CHARLES F. BRUSH.

(Read April 24, 19 14.)

I. Gravitation is Due to Intrinsic Energy of the Ether.

At the Minneapolis meeting of the American Association for the

Advancement of Science I had the honor to onthne " A Kinetic

Theory of Gravitation,"^ which is in substance briefly as follows

:

The ether is assumed to be endowed with vast intrinsic kinetic

energy in wave form of some sort capable of motive action on

particles, atoms or molecules of matter, and propagated in every

conceivable direction so that the wave energy is isotropic. The

waves are of such low frequency, or otherwise of such character,

that they pass through all bodies without obstruction other than that

concerned in gravitation. Distribution of the ether's energy is uni-

form throughout the universe except as modified by the presence of

matter.

Atoms or particles are imagined to be continually buffeted in all

directions by the ether waves like particles of a precipitate suspended

in turbulent water. There are no collisions because neighboring

particles follow very nearly parallel paths.

Each particle or atom of matter is regarded as a center of ac-

tivity due to its energy of translation initially derived from the ether.

There is continual absorption and restitution of the ether's energy,

normally equal in amount ; but the ether is permanently robbed of as

much of its energy as is represented by the mean kinetic energy of

the particle or atom. The particle or atom thus has a field of influ-

ence extending in all directions, or casts a spherical energy shadow,

so to speak, the depth or density of the shadow varying with the

inverse square of distance. The energy shadow of a body of matter

'^Science, March 10, 1911; Nature, March 23, jqci.
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is the sum of the shadows of its constituent parts. The energy

shadows of two gravitating bodies interblend, so that the energy

density between them is less than elsewhere, and they are pushed

toward each other by the superior energy density, or wave pressure,

on the sides turned away from each other.

That the ether really is endowed with vast intrinsic energy in

some form or forms is the belief of many eminent physicists, and

it seems to me highly probable that all energy has its source and

destination in the ether ; that is to say, that energy in all the various

forms in which we observe it, comes in some w^ay from the ether and

is energy of the ether. This view does not in any manner conflict

with the principle of conservation of energy.

In support of my contention that etherial energy is the cause and

essence of gravitation, I wish to emphasize particularly, what seems

to me an obvious fact, that the energy acquired by a falling body

comes from the ether, and is restored to the ether when that body

undergoes negative gravitational acceleration.

In this connection I cannot do better than quote Lord Kelvin's

description of the collision of two very large bodies through the influ-

ence of gravitation. In his " Popular Lectures and Addresses

"

(\"ol. I, 413-417) he says:

" To fix the ideas think of two cool solid globes, each of the same

mean density as the earth and half the sun's diameter, given at rest,

or nearly at rest, at a distance asunder equal to twice the earth's

distance from the sun. They will fall together and collide in exactly

half a year. The collision will last for about half an hour, in the

course of w^hich they will be transformed into a violently agitated

incandescent fluid mass flying outward from the line of motion

before the collision and swelling to a bulk several times greater than

the sum of the original bulks of the two globes. . . . The time of

flying out would probably be less than half a year when the fluid

mass must begin to fall in again towards the axis. In something

less than a year after the first collision the fluid will again be in a

state of maximum crowding towards the center, and this time even

more violently agitated than it was immediately after the first col-

lision ; and it will again fly outward, but this time axially towards the

places whence the two globes fell. It will again fall inwards, and
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after a rapidly subsiding series of quicker and quicker oscillations it

will subside, probably in the course of two or

three years, into a globular star of about the

same mass, heat and brightness as our present

sun."

Undoubtedly this is a substantially correct

description of what would happen under the con-

ditions named. The two cold bodies would ac-

quire from some source external to themselves

the vast energy represented by the heat of the

sun, heat sufficient to maintain the enormous

solar radiation millions of years without sensible

diminution. And this vast accumulation of

energy would occur in half a year, largely in the

last fezv days before collision. There is, to me,

no conceivable source of this energy other than

the ether. It may be argued that the two cold

bodies, as a gravitating system, initially pos-

sessed all this energy in the form of " potential

energy of position." This is a most convenient

expression, but it affords no explanation of the

source of the energy until, as I pointed out at

the Washington meeting, we take the energy-

endowed ether into partnership as an essential

part of the system. Certainly the energy could

not be resident in the two cold motionless globes.

For a homely illustration, think of two golf balls

joined by a stretched thread of rubber ; they form

an attracting system and possess " potential

energy of position " or separation, but the en-

ergy does not reside in the balls, it is in the

stretched rubber thread.

Later in his description Lord Kelvin says:

" If, instead of being at rest initially, . . . each

globe had a transverse velocity of three quarters

(or anything more than .71) of a kilometer per

second, they would just escape collision, and would revolve in ellipses

Fig. I.
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round their common center of inertia in a period of one year, just

grazing each other's surface every time they came to the nearest

points of their orbits." (Assuming of course that the globes were

sufficiently rigid to escape disruption by tidal forces.)

To aid in forming a mental picture of this last case described by

Lord Kelvin, in which the two globes fall together but do not

collide, I have made a diagram (Fig. i) of the two elliptical orbits;

and in order to show the globes of appreciable size, the orbits are

made very much less excentric than Kelvin's premises call for. The

globes are shown at perihelion, just escaping collision. Of course,

the globes in falling from aphelion to perihelion would gather the

same amount of energy that they did in the case of collision, where

their motion was arrested and their kinetic energy was thus converted

into heat ; but without collision the vast energy acquired during posi-

tive acceleration from aphelion to perihelion would disappear during

negative acceleration from perihelion to aphelion, and be transformed

back to the ether whence it came.

The sun and planets of the solar system, and the planets and their

satellites, because of the excentricity of their orbits, continually go

through the same kind of cycle described by Lord Kelvin, differing

from that only in degree. For instance, the earth in its six months'

passage from aphelion to perihelion falls about three million miles

toward the sun, and gains in orbital velocity about five eighths of a

mile per second. It thus acquires new kinetic energy from the ether

which, if it could be manifested as heat, would be sufficient to evapo-

rate all the oceans, lakes, and rivers, heat the dry earth to vivid

incandescence, and vaporize much of it ; the earth would become a

miniature sun. And all this energy is restored to the ether during the

next half year while the earth is moving from perihelion to aphelion.

With the idea in mind that a falling body gathers energy from

the ether, and restores all of it to the ether when raised the same

distance against gravitation, by any means, homely examples are at

once suggested ; thus, a stone thrown upward and falling again, does

it in the reverse order, and a common clock pendulum goes through,

and repeats the cycle with almost the regularity of a sun and planet.

In the theory of gravitation under discussion, the only new postu-
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late is that some or much of the ether's intrinsic energy is kinetic

and consists of some sort of wave motion or energy flux, whereby

a disturbance at any point in the free ether is ultimately felt every-

where else, diminishing in intensity, of course, with the inverse

square of distance from the seat of disturbance.

It is not difficult to conceive of kinetic energy in the ether quite

apart from matter. Radiation is one form of such energy, and when

once launched in the ether it is persistent and quite independent of

its source. Interstellar space is alive with wave energy radiated

from countless suns, and at points far removed from any single sun

this energy is approximately isotropic. Of course this known iso-

tropic wave energy in the ether of space is far too feeble to play

any appreciable part in gravitation, and I call attention to it only for

the purpose of showing that one sort of free isotropic wave energy

in or of the ether in celestial space is already a known phenomenon.

Probably the ether waves concerned in gravitation are not the

transverse kind known to us, though it is not difficult to think of

transverse waves of great amplitude, embodying great energy, and

of such great length that they pass freely through all bodies without

appreciably heating them—even electrical conductors. (Incidentally,

we cannot be sure that the intrinsic energy of the ether does not

impart some low degree of temperature to matter, because we know

of nothing in nature at the absolute zero of temperature or any-

where near it.) It seems more likely, however, that the ether waves

of gravitation are longitudinal, or otherwise consist in an energy flux

which, by reason of its universal presence, has not been made mani-

fest except by gravitation.

It is easy to understand how the supposed spherical field of influ-

ence, or energy shadow, surrounding any body of matter may be

initiated, but just how it is maintained may never be known; though

I hope to have something to say in this connection in a future dis-

cussion. But that the field of influence actually is maintained seems

certain
;
gravitation itself is a demonstration of it.

The simplest mental picture of the supposed field of influence

which I can think of is a spherical energy shadow, and I have en-

deavored to make this conception visible in Figs. 2 and 3 as light
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shadows cast by black spheres. Of course the shadows as here

represented are enormously exaggerated. Plate I., Fig. 2, represents

a single sphere and the adjacent parts of its spherical shadow.

(Obviously a body of any shape will cast a shadow substantially

spherical.) Plate I., Fig. 3, shows two neighboring spheres with

their shadows interblending. The greater depth of shadow between

the spheres is clearly indicated, and it is into this deeper shadow

that the two gravitating bodies are supposed to be pushed by the

superior energy flux from right and left.

Some curious and interesting secondary phenomena are sug-

gested by this conception of the mechanism of gravitation. One of

these may be described as follows : Imagine two bodies, such as

those of Fig. i or Plate I., Fig. 3, falling toward each other by reason

of their mutual attraction. They are continually accelerating, and

absorbing energy from the ether waves or energy flux pushing them

toward each other, whereby these waves pass through and beyond

each body slightly depleted of their energy, and thus oflfer less than

normal resistance to the advance of the other body ; that is to say,

the energy shadow between the bodies, into which they are pushed,

grows deeper and deeper as they approach, not only because of their

lessening distance from each other, but also because of their increas-

ingly rapid transformation of energy as they gain velocity. And it

does not matter if the two attracting bodies differ greatly in mass,

like the sun and a planet or the earth and a tennis ball, because they

will ecjually accjuire momentum, and each will affect the other in the

manner described. Stated concisely this means, if my premises are

tenable, that Newton's law of inverse squares is not rigidly true for

accelerating bodies; but that for positively accelerating (approach-

ing) bodies the force of attraction increases a little faster than the

inverse square of distance. The force of attraction instead of vary-

ing as i/D- as it does for bodies at rest or in uniform motion, varies

as i/D'---'^^ for bodies accelerating in the line of attraction, wherein

.r is a very small quantity which appears to vary with the rate of

energy transformation or velocity of fall. When acceleration is

negative, that is to say, when energy transformation is from the ac-

celerating body to the ether, x becomes positive.
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Let us consider the effect of .r on a planetary orbit: If the orbit

is circular, .r= o because there is no change of velocity; but if the

orbit is excentric, s obviously grows in value and importance with

the excentricity, though always equaling zero at aphelion and peri-

helion. Fig. 4 illustrates the sun and a planet at aphelion in an ex-

p,-vvgnrrierited

aggeratedly excentric orbit. As the planet moves from aphelion

to perihelion, normal attraction between the sun and planet is aug-

mented by the positive acceleration of both as before explained; and

while the planet moves from perihelion to aphelion normal attraction

is diminished by negative acceleration.

If I am not mistaken in my mechanics, the gravitational disturb-

ance above described will slightly change the shape of the orbit, and

cause a continual advance in the position of perihelion by advancing

the line of apsides. Probably the effect is too small to be detected

in the case of any of the planets of the solar system except perhaps

IMercur}^, because of the small excentricity of their orbits; but the

high excentricity of Mercury's orbit possibly may reveal it, and I

hope it may be found adequate to account for some of the anoma-

lious secular advance of the perihelion of Mercury's orbit. I shall be

glad to have my astronomical friends investigate this.

The orbit of the moon is not very excentric, but she moves

toward and away from the sun almost the full diameter of her orbit
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every month. Perhaps the gravitational disturbance I have sug-

gested may aid in explaining some of her more obscure motions;

and I hope it will be found to have a slight accelerating tendency so

as to compensate the slight retarding tendency of which I shall treat

in the second division of this paper.

2. Transmission of Gravitation Cannot be Instantaneous.

Laplace at first sought to explain the secular acceleration of the

moon's mean motion by ascribing to gravitation a finite velocity of

propagation. Later he said :- " The time of its transmission, if it

were sensible to us, would be particularly evinced in the acceleration

of the moon's motion. I suggested this as a means of explaining the

acceleration which is observed in this motion ; and I have found that

in order to satisfy observations we must ascribe to the force of grav-

ity, a velocity seven millions of times greater than that of a ray of

light. As the cause of the secular equation of the moon (c) is now

well understood, we may affirm that the attraction is transmitted

fifty millions of times more rapidly than light. We can therefore

assume, without any apprehension of error, that its transmission is

instantaneous."

1 doubt if anyone who has bestowed careful thought on the sub-

ject, in the light of present-day physics, really believes this. To

me, it is inconceivable that my change of position, as I walk across

a room, is felt among the fixed stars while I am still walking; but

the justly great name and fame of Laplace has stamped this dogma

with the seal of authority, and for more than a century it has blocked

the path of fruitful thought on the physics of gravitation.

Doubtless Laplace made no serious mathematical mistake in

reaching his remarkable conclusion, but perhaps he erred in his

choice of premises. He postulated^ a " force " or " gravific fluid,"

" which rushes towards the sun with an immense rapidity ; the re-

sistance which the planet experiences from this current in the direc-

tion of the tangent, he conceives to produce a perturbation in the

elliptic motion, like to the aberration of light." He then applied this

2 " System of the World," Harte's translation, Vol. 2, p. 322.

3 Harte's translation, Vol. 2, notes, p. 490.
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conception to the case of the earth and moon. I have endeavored

to visuaHze Laplace's conception in Fig. 5, in which E represents the

earth, M the moon moving in the dotted Hne orbit in the direction

indicated by the large arrow, and lines NE the " gravific fluid " rush-

ing from all directions toward the earth. The orbital motion of the

moon continually carries her laterally against the stream of " gravific

..-?^

Fig. Fig. 6.

fluid," whereby she experiences a tangential retarding force, indi-

cated by the small arrow, just as if a less rapid flow of "gravific

fluid " came from that direction. Let the line MP represent the

direction and value of the retarding force in terms of the centripetal

force ME. Completing the parallelogram of forces, we find the line

of the moon's attraction shifted from ME to MO. Clearly this

would result in the moon taking an orbit in the form of a contract-

ing spiral which would ultimately bring her to the earth. At the

same time her actual velocity would continually increase (and her

angular velocity still more so) because of her falling toward the
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earth
;
gravity directly, and the retarding force indirectly conspiring

toward this result. With the assumed velocity of light for the "gra-

vific fluid," Laplace found that the angular acceleration of the moon's

motion would be millions of times greater than necessary to account

for her known acceleration.

I have thus outlined Laplace's conception of the mechanism of

gravitation, which led to his famous conclusion of virtually infinite

velocity of propagation, because I have not met with anything of the

sort in modern text books of astronomy or physics ; his startling con-

clusion is known to everyone, but his premises are generally for-

gotten; and further because I wish to have it clearly in mind for

contrast with what is to follow.

Returning now to the theory of gravitation under discussion: In

Fig. 6, E represents the earth and M the moon moving in the dotted

line orbit in the direction indicated by the large arrow, both revolv-

ing about their common center of gravity C. Instead of showing C
well inside the earth's circumference where it belongs, I have shown

it outside, so as to enlarge certain details of the diagram and thus

avoid confusion of lines.

The earth and moon are each supposed to cast a spherical energy

shadow, or occupy the center of a spherical field of influence, as

already indicated, into which the other is pushed by the slightly

superior energy-flux coming from beyond it. The strongest push

of each is toward the densest part or origin of the shadow of the

other. Thus, if earth and moon were stationary, each would be

pushed toward the center of mass of the other. But while the

shadow, emanating so to speak, from the earth at any instant is being

propagated outward to the moon's orbit, the latter will have moved
to M', and the earth will have moved to E'. Clearly then, the moon
at M' will not be pushed toward E', but toward E, which is the ori-

gin of the shadow into which it is being pushed. The centripetal

force M'E may be resolved into the radial component M'E' and the

tangential component M'P equal to the displacement of the earth's

center from E to E'. Clearly, the force M'P is an accelerating force,

and bears the same ratio to gravity at M' that M'P bears to M'E'.

If the velocity of propagation of the energy shadow equals the



128 BRUSH—DISCUSSION OF
"

[April 24,

velocity of light, then the displacement of the earth's center from E

to E' will be about 52 feet, and the tangential force M'P will be

about one twenty-four-millionth of gravity at the distance of the

moon.

Obviously, this very small tangential force will tend to make the

moon's orbit an expanding spiral of very small pitch ; but the vastly

greater force of gravity will resist this tendency and nearly, but not

quite, counteract it ; the net effect being an extremely slow lengthen-

ing of the radius vector, and a very slight retardation of real as well

as angular velocity. This paradoxical effect, of an accelerating force

producing an orbital retardation, is explained by Sir George H. Dar-

win in his chapter on tidal friction and the genesis of the moon.*

I have made only a very rough estimate of the secular retarda-

tion of the moon's mean motion which this minute accelerating force

will bring about, with gravitational transmission taken equal to the

velocity of light, but have satisfied myself that it will amount to a

very few seconds of arc only, in a century; and I do not claim that

the velocity of light is the velocity of gravitational propagation un-

less the postulated ether waves are ultimately found to be transverse

like those of radiation. I think it probable that they are longitu-

dinal, or otherwise different from those of radiation. If this be true,

the velocity of propagation may be several times greater than that

of Hght, and the secular retardation of the moon correspondingly

less.

I realize that any uncompensated retardation of the moon's

motion will add to the present outstanding observed acceleration, if

any; but am hopeful that the slight departure from Newton's law

of inverse squares already suggested may, in connection with other

motions of the moon, supply some of the necessary compensation.

There is also a minute source of compensation, due to motion

through the ether, which I intend to consider in another discussion.

Cleveland,

April, 1914,

4 « The Tides," Chap. XVI.
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Introductiox.

Three years ago I made a preliminary announcement before this

Society^ concerning the fossil floras of southeastern North America.

I have, in the interim, completed a monograph of the extensive and

especially well preserved plants of the Lower Eocene, and it is some

of the results of this detailed study that are given in the present

communication. This work has been done under the auspices of the

United States Geological Survey, to the director of which organiza-

tion I am indebted for permission to publish the following prelim-

inary abstract. I also wish to express my great indebtedness to Dr.

T. Wayland Vaughan, who has had general charge of the Coastal

Plain investigations and to whom great credit is due for their com-

prehensive character.

Physical Conditions Indicated by the Flora.

There is no part of North America so favorably situated for the

study of the floras which preceded the present, extending backward

^ Proc. Anicr. Philos. Soc, Vol. 50, No. 199, 1911.

PROC. AMER. PHIL. SOC., 1 IH. 2I4 I, PRINTED JULY ID, I9I4.
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to a time which marks the first recorded appearance of angiosperms,

as that of the South Atlantic and Gulf states. No single part of

North America contains so continuous a series of Tertiary deposits

carrying fossil plants. In this area are found abundant floras in the

lower and middle stages of the Eocene, a small flora in the Upper

Eocene, considerable floras in the Oligocene, some in the later ]\Iio-

cene, and rather abundant fossil plants in the Pliocene, as well as

numerous Pleistocene deposits carrying fossil plants. The Rocky

Mountain region is rich in Eocene fossil plants and there are some

Miocene floras, but practically no Oligocene or Pliocene floras are

known. The Pacific coast region likewise furnishes Eocene and

Miocene fossil plants but none of Oligocene age.

The fossil floras of the Coastal Plain are found in an area where

it is possible to attain to some measure of accuracy in predicating the

general character and course of ocean currents and winds and other

physical features of the environment. On the other hand the west-

ern floras just mentioned grew in areas where vulcanism was great at

times; in areas of great orogenic activity, where changes in topog-

raphy were numerous and elevations of several thousands of feet are

recorded ; areas in which climatic conditions not only varied from

place to place, but passed through a large cycle of secular changes.

All these factors greatly complicate the floral histor>\

The floras of the southern Coastal Plain are moreover checked for

the most part by very abundant marine fauna in intercalated beds, or

the plant-bearing beds which represent the coastal swamps and the

shallow water deposition of the old embayment merge laterally with the

contemporaneous limestones or marls which were forming in more

open waters along the coasts to the southward, so that there is a con-

siderable body of facts bearing on depth, character of the bottom, and

marine temperatures, with which to compare land temperatures.

These criteria have been admirably worked out for the Florida area

by Doctors Dall and Vaughan for the post-Eocene and their results

furnished a reliable datum plan for the deductions to be derived from

the study of the fossil floras of those times.

With the exception of fragments of the petrified stems of coni-

fers, palms and dicotyledons the plant-remains are in the form of

impressions, mostly of foliage, but with a goodly representation
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of fruits and seeds, and in some few cases even flowers are pre-

served.

While the oscillations of the embayment area have been numerous

they have been, as I have just mentioned, inconsiderable in amount,

only a few hundred feet at most, and the coastal region has tmiformly

been one of slight relief. The various floras show an almost com-

plete absence of upland types. This is in striking contrast to the

European older Tertiary floras. The only large area of the globe

which has been thoroughly studied—Europe—was far less stable

than this region in Tertiary times and lying much farther toward the

pole was subsequently subjected to the rigors of Pleistocene condi-

tions whose influence never reached our southern states.

The paleobotanical record of the Atlantic and Gulf Coastal Plain

furnishes a history which extends back as I have just mentioned be-

yond the oldest known angiosperms to a time (Lower Cretaceous)

when the flora was made up almost entirely of tree-ferns, conifers

and those interesting cycadophytes (Cycadeoidea) whose trunks are

sometimes preserved with such marvelous perfection that the outlines

of the embryos in the ovules can often be made out in detail. Coming

a step nearer my present theme, a step of some millions of years

from the Lower into the Upper Cretaceous, we find the first great

modernization of the floras of the world due to the seemingly sudden

evolution of the main types of angiosperms. These Upper Creta-

ceous floras are well represented in the Coastal Plain from ^Marthas

Vineyard to Texas. They extend northward to Greenland and south-

ward to Argentina in South America, and are found to indicate very

different physical conditions from those which prevail at the present

time. I do not intend, however, to dwell upon the Upper Cretaceous

floras in this connection but pass to a consideration of the succeeding

Eocene epoch of plant evolution.

The Eocene as defined by Lyell was marked by the dawn of the

recent species of marine mollusca. It is equally well marked by the

sudden expansion and evolution of modern types of plants after a

long antecedent Cretaceous development. The floras become thor-

oughly modernized as compared with those which preceded them,

although they are still very different in their general facies and dis-

tribution from those of the present.
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In the earliest epoch of the Eocene known as the Alidway, the re-

lations of sea and land in the Gulf area differed in only minor par-

ticulars from that of the late Cretaceous. The waters of the Missis-

sippi Gulf were, however, deeper. This factor combined with a

much less influx of fresh water from the tributary streams, due in

some measure to the low relief of the land, enabled marine faunas to

reach well toward the head of the gulf. These faunas indicate sub-

tropical bottom temperatures northward as far as Paducah, Ky. The

Fig. I. Sketch map showing the approximate position of the shore line,

A-A, at the beginning of the Wilcox transgression and B-B the area covered

by the Wilcox sea during its maximum transgression. C-C, the extreme

northern limit of the Willcox flora under existing cHmatic conditions.

known floras are very scanty and unsatisfactory and in the present

state of our knowledge do not merit an extended discussion. The

maximum transgression of the sea during the Midway epoch is

shown on the accompanying sketch map (Fig. i).

The Midway Eocene was succeeded by a long interval during

w^iich the sea is believed to have withdrawn southward at least as

far as the position indicated on the accompanying sketch map (Fig.

I, A-A), since terrestrial conditions are known at the extreme base
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of the Wilcox in the most southerly areas of their outcrop. This

interval of emergence of the embayment area was followed by an

equally long interval during which a great thickness of deposits was

laid down that are collectively known as the Wilcox group. The

character of these sediments and their faunas show that the Missis-

sippi gulf was somewhat restricted and much shallower than in the

preceding epoch, with true marine conditions prevalent only in its

lower portion. The shores were low and relatively flat. They were

flanked by current- or wave-built bars and separated from the main-

land by shallow inlets or lagoons. The lower courses of the streams

were transformed into shallow estuaries or broad swamps through

which the smaller streams meandered.

The maximum area covered or underlain by Wilcox deposits is

also indicated on the accompanying sketch map (Fig. i, B-B) which

shows approximately the shore line along which the vegetation

migrated. As has been already remarked the Wilcox deposits have

yielded one of the most extensive of known fossil floras, an assem-

blage of extinct species which sheds considerable light on the phys-

ical conditions of the marginal lands of Wilcox time.

Before taking up in detail the evidence of the flora I wish to point

out certain general climatic conditions based on cosmic causes and de-

duced for the Wilcox from studies of recent climates.

It is to be noted that the factors governing atmospheric circulation

are general and not local and the relatively slight changes in the rela-

tion of land to sea in Wilcox time as compared with the present are

entirely too small to have caused much modification of existing con-

ditions. Then as now there was a persistent area of high pressure

over the North Atlantic and a low over the continent. Consequently

the winds were prevailingly from the east. Cyclonic disturbances

like those that originate today in the Gulf of Mexico or those more

violent and widespread storms of the West Indian hurricane type

which today originate in the Caribbean Sea would traverse at least a

part of the Mississippi embayment. So large an area of shallow

more or less landlocked water would have a very appreciable effect

in raising total temperatures and in the prevention of widely sepa-

rated extremes. At the same time it would increase the rainfall and

increase the width of the marginal lands over which this augmented
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rainfall would be effective. Whether or not this would be sufficient

to furnish the subtropical conditions that the flora seems to indicate

is doubtful. Speculation regarding the Eocene climate of the world

as a whole is perhaps out of place, nevertheless it remains true that

the sum total of paleontologic evidence indicates that the familiar

succession of seasons or of types of vegetation in passing from the

luxuriant tropics to the ice-capped poles did not hold good for the

Eocene. Paleobotanists have long maintained that the existing cli-

mate is essentially a Pleistocene climate of an interglacial character

and that for the great bulk of geologic time uniformity and not dif-

ferentiation has been the rule rather than the exception. While the

older paleobotanists were inclined to overestimate the conditions

of torridity, it remains true that from the Lower Cretaceous until

toward the close of the Oligocene, not to mention still older floras of

more remote botanical affinities, whenever fossil floras are found,

from beneath the Equator to within the Arctic circle, they show a

degree of uniformity that proves that former climates were secularly

unlike these of today and as is obvious this floral evidence would be

equally convincing if all the vast number of fossil plants were simply

called Phyllites as in Schlotheim's day and no attempt were made to

determine their botanical affinity.

The student of fossil floras is naturally more sanguine and en-

thusiastic in predicting former physical conditions than perhaps is

warranted by his facts. When however a common Upper Creta-

ceous flora can be traced from Texas to Greenland or when we find

in the Eocene such unmistakable forms as Artocarpns leaves, Engel-

hardtia fruits, and nuts of the Nipa palm associated with forms as

characteristic as ferns of the genus Acrostichum all extending almost

across the temperate zone in both the eastern and western hemi-

spheres it would seem that the burden of proof that climates were

not very different from those of today rests with the physicist and

not with the paleobotanist.

It may be noted that all of the Wilcox plants, almost without ex-

ception, are plants whose modern representatives inhabit the warmer

parts of the earth. There is not a single strictly temperate type in

the whole assemblage, the nearest approach to such types being in

the genera Jtiglans, Myrica, Magnolia, Cercis, Ilex, Nyssa, and Frax-
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inns, and in all of these genera or closely related ones there are ex-

isting tropical forms. None extend beyond the warmer parts of

the temperate zone and some of these as in the case of Juglans and

Fraxinus indicate in their compound leaves their tropical ancestry, as

was first pointed out by Grisebach. The ferns are all tropical types

and their relative unimportance in the Wilcox flora furthermore in-

dicates that the major part of this flora is a strand flora. This is

shown more especially by forms like the Nipa palm which never

grows outside of tidal marshes, by Conocarpus, Lagunciilaria and

Aviccnnia which inhabit like situations; by coastal marsh or lagoon

plants like Canna, Trapa and Sabalites; and by the large number of

strand types that inhabit beaches or the jungle behind the beach

ridges or dunes. The more striking of these genera are Myrica,

Artocarpiis, Ficiis, Coccolohis, Pisonia, Anona, Capparis, Cliryso^^

balanns, various Lauraceae, Apocynaceae, Sapotacese and Legumino-

sae, Fagara, Drypetes, Metopium, Ilex, Celastnis, Sapindus, Dodoncea,

Reynosia, Rhamnus^ Myrcia, Eugenia, Lagiincitlaria, Comhretum,

Terminalia, Cordio, Citharexylon, Exostema and Guettarda.

It needs but a slight acquaintance with the existing Antillean

flora or that of the Florida keys, or in lieu of actual acquaintance a

perusal of the as yet too few ecological discussions of the flora of

the American tropics or even of Schimper's classic Indo- Malayan

strand flora to see at once that the general facies of the Wilcox flora

is overwhelmingly that of a strand flora of which some of the

elements indicate that they grew on the sandy beaches, others in

muddy tidal flats, others between or behind dunes or beach ridges,

and others in estuary bayous or marshes. None of the forms can

certainly be considered as inland or upland types. Even genera like

Banksia which is not usually considered a coastal type in the existing

flora furnishes Banksia marginata Cav. to the coastal sand dunes of

South Australia (Tepper) and several others species of the genus

occur on the dunes of Queensland, Victoria and western Australia.

Little has been written of the plant associations of the American

tropics and collectors notes almost always fail to adequately describe

habitats. While the marginal Wilcox lands were low there was such

a large area of continent to the northward to draw from, and the

long coast furnishes such varied edaphic conditions, that the flora
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was far richer than floras of small insular areas of the American

tropics of the present, as for example, that of the Bahamas which are

relatively close to mainland, where in addition to difficulties of intro-

duction there is relatively great uniformity of edaphic factors and

directly adverse factors such as winds, which limit the floral display.

Without pursuing the subject in greater detail it may be assumed

to be proven that the Wilcox flora is a typical coastal flora. Com-

pared with recent coastal floras it is at once apparent that its affin-

ities are entirely with those of tropical and subtropical America. It

has much in common with the Bahaman flora and that of the Florida

keys, but is far richer in arborescent forms. Comparisons with the

larger islands of the West Indies show more elements in common,

such differences as are apparent being due to the prevalence of por-

ous coral rock along these recent shores while the Wilcox shores were

not of this character. The most complete agreement is furnished by

the floras along the Caribbean coast from Central America to north-

ern Brazil. A considerable number of genera found in the Wilcox

flora do not range through the West Indies at the present time and

the explanation seems to be that the Wilcox flora more closely re-

sembles the original flora of the whole American equatorial region

which became restricted during the epeirogenetic and climatic changes

of the INIiocene or Pleistocene and the elements now lacking in the

West Indies never regained all of the area of distribution lost at that

time.

It may seem improper to say that a flora with abundant forms

of Artocarpus, Nipa, Cinnaniomum, Banksia, etc., is entirely Amer-

ican in character but if the brief sketches in the botanical discussion

which follows are read it will be obvious that these genera, oriental

in the existing flora, were cosmopolitan in the early Tertiary, so that

it would be entirely misleading to draw conclusions from existing dis-

tribution alone.

The Wilcox waters of the upper embayment were always shal-

low ; there were fringing bars and lagoons as well as deltas, estuaries

and swampy bayous. The deposits in places show river action and

streams shifting about over sand flats. Regarding actual tempera-

tures so little is known after all of the relations of modern plants to

their climatic environment that results can only be qualitative and

not quantitative.
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It is obvious that the flora could not have existed if the region was

ever visited by frost, and temperatures appear to have been like those

found today on the Florida keys. Aside from the meteorological

certainty that there was a wide coastal belt of abundant precipitation,

there is the confirmation furnished by the flora itself. It would seem

to me proper to compare the Wilcox flora with those of the regions

to which the somewhat loosely used term subtropical rain forest is

applied by plant geographers. Too little is known of the Midway

flora for accurate comparisons. Compared with the Upper Cre-

taceous flora of the embayment area, in which however 40 percent

of the genera are extinct, the Wilcox would seem to have become

more tropical, a progression from what might be termed a warm

temperate to a subtropical rain forest. On the other hand the floras

as well as the faunas show a gradual increase of tropical conditions

in the later Eocene which culminate in the Oligocene, the flora of

which in southeastern North America is strictly tropical.

Lianas were apparently not as common in the Wilcox as they

are in the existing floras with which it has been compared. No
traces of the Bignoniaceae, so common in the American tropics, have

been detected, the scandent types being represented by Lygodiiiiii,

Aristolochia, Malpighiace?e, Canavalia, Pisonia (?), and Zizyplnis,

I am inclined to think that the great uniformity of climatic condi-

tions together with the abundant rainfall have combined to make the

Wilcox flora seem more tropical in character than was actually the

case. That reef corals are not found in the Wilcox is, I believe, en-

tirely due to physical conditions other than those of temperature

as Vaughan- has shown to be the case so often in such a striking

manner in recent seas.

I have indicated upon the sketch map (Fig. i C-C) what I con-

ceive would be the northern limit of range of the Wilcox flora under

existing climatic conditions in southeastern North America.

It would seem to be probable that most of the generic types of

the Wilcox were dift'erentiated by the close of the Cretaceous. If the

equatorial region of America was the place of origin of a majority of

those types which have not as yet been recorded from the Cretaceous

as I believe to be the case, they must have spread northward along

- Vaughan, T. W., Joiirn. Wash. Acad. Sci., Vol. 4, pp. 26-34, 1914-
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the Mississippi Gulf either during the Cretaceous-Eocene interval,

during the Midway or during the Midway-Wilcox interval. While

the time available for this northward dispersal was thus sufficiently

long to account for the migration of even the most slowly spreading

forms a short statement on the adaptations and agencies of this

dispersal is not without interest. The Wilcox genera with winged

fruits or seeds are Engelhardtia, Paraengelhardtia, Dodoncsa, Paliii-

'rus, Fraxmus and the Proteacese and Malpighiaceae. None of these

are capable of long flights except those of the last two families and

these during high winds might readily be carried for miles along

coasts, although it is doubtful if they could have crossed great

stretches of open water, even through the agency of a West Indian

hurricane. The heavier winged fruits such as those of Engelhardtia,

Paraengelhardtia, Paliurits, Dodoncea and Fraxinus float readily,

although as far as I know there is no experimental data to show

how long they float in oceanic waters without losing their vitality.

Certainly Dodoncea has reached the Bermudas in recent times

through the agency of the Gulf Stream. Among the Wilcox forms

more or less adapted for floating the following genera may be enu-

merated : Nipadites, Canna, Taxodiiim, Pisonia, Sapindns, Sterculio-

carpus, Trapa, Avicennia, Solanites, Exostema and the Combretacese.

Among the foregoing Canna, Taxodium, Trapa and Exostema are

scarcely adapted for sea voyages while on the other hand, Nipadites,

Sapindns, Sterculiocarpns, Avicennia and the Combretacese are sin-

gularly adapted for dispersal by ocean currents and would be in the

van of forms colonizing the shores of the transgressing Wilcox sea.

A large number of the Wilcox genera had fleshy or drupaceous

fruits and formed the dietary of both mammals and birds. Among

these the following may be mentioned: Myrica, Ficns, Coccolohis,

Magnolia, Anona, Asimina, Chrysobalanus, Simaruba, all the Laura-

cese, Ilicacese, Celastracese, Myrtaceae, Ebenaceze, Sapotacese, Melia-

cese, Euphorbiacese, Anacardiaceae, Zizyphus, Gnettarda, Citharexy-

lon, Cordia, Osmanthus, Icacorea, Rhamnus and Reynosia. Many
of these have crustaceous stones that pass uninjured through birds

or are voided with their vitality unimpaired and these could undoubt-

edly be carried long distances over seas. Even in the case of soft

seeds like those of a large number of the Leguminosce it has been
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found that birds that have eaten greedily often void them uninjured

and others meet with fatalities before the seeds are digested and

these constitute by no means unimportant factors in distribution.

Clement Reid in his discussion of the origin of the British flora gives

an instance of a dead wood-pigeon with beans sprouting from its

crop, and when it is remembered what a great percentage of birds

meet an untimely end it is conceivable that a single hurricane might

readily be the means of introducing new forms from the Antilles

upon the Wilcox coast. Other Leguminosse, although more rarely,

are dispersed by ocean currents, as is the case in an eminent degree

with the modern Entada or snuffbox seabean.

All of the storms moved from the equator northward, the main

ocean currents had the same general direction, while the prevailing

winds were easterly so that all of these important factors combined

in causing a relatively rapid introduction and spreading of forms

along the Wilcox coasts, so that given favorable climatic conditions

and many of the forms need not have taken the time to spread from

Central or South America along continuous coasts.

Botanical Character of the Flora.

That the method by which the bulk of the determinations in the

present study are made rests upon real and not fanciful affinities is

of vital importance, since the resulting climatic and other physical

data are largely controlled by these facts. The case is not as intri-

cate or as hopeless as it might seem to the student who remembers the

thousand of living and extinct genera. De Candolle estimated the

total number of flowering plants to be about 250,000 species. This

figure is swollen by the great multiplication of herbaceous species in

recent geologic times. The ratio of arborescent to herbaceous types

was much greater in the Tertiary than it is at the present time and

it seems probable that trees were actually more abundant and

varied than in the existing flora. This was certainly true for all

Tertiary floras outside the torrid zone and may be readily proved by

a consideration of the Eocene floras of North America, the Miocene

floras of Europe or to cite an extreme case the Tertiary floras of

the Arctic and Antarctic regions.

While the arborescent flora of the temperate zone is relatively
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meager, trees increase in passing toward the equator. For example

the state of Maryland which is in latitude 38° to 39° 30' is in effect

a cross section of the Coastal Plain, Piedmont Plateau and the Alle-

ghany Alountains with great differences of climate, topography and

soils. It is moreover the meeting ground for plants of northern and

southern range. In spite of these facts there are only about 150

arborescent forms in its flora. On the other hand in Small's recently

published Trees of Florida (1913) there are 366 native and natu-

ralized arborescent forms, and if Florida furnished much altitudinal

variation the number would be much larger. For example the ar-

borescent flora of the Philippine Islands includes 665 native species

and many additional introduced forms. Even remote oceanic islands

if of sufficient size and topographic variety to overcome the adverse

action of winds have a large arborescent flora. Thus the Sandwich

Islands have 225 native species of trees distributed among 45 families,

the larger being the Rutacese (32 species), Rubiaceae (31 species),

Campanulacese (15 species), Araliacese (14 species), Pittosporace?e

(12 species), Palmacese (11 species), Myrsinacese (11 species), and

Malvaceae (10 species).^

The general physical conditions of a remote geological epoch may

be more or less completely deduced in advance from the character of

the sediments : the run-off from the land can be approximated and

consequently the altitude of the land and the probable rainfall as well

as any periodicity in these factors. These are all reflected in the

sediments. Work like that of Vaughan* on the deposits of the

Florida Keys or that of Drew^ on the part played by denitrifying

bacteria in the formation of limestones, enables a careful paleobota-

nist to in a measure predict the character of the flora that clothed the

marginal lands. In deposits that teem with the remains of marine

life as do many of the Tertiary formations of southeastern North

America it is possible to arrive at very close approximations of the

actual temperatures of the coastal waters. It may be safely assumed

that boreal or temperate floras did not flourish in proximity to trop-

3 Rock, J. F., " The Indigenous Trees of the Hawaiian Islands," Hono-

lulu, 1913.

* Vaughan, T. W., Carnegie Institution, Publication 133, 1910.

° Drew, G. H., Yearbook, Carnegie Institution, No. 10, 1911.
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ical marine faunas: that plants reflected their environment in the

past as in the present.

A considerable number of botanists love to dwell upon the temer-

ity of their paleobotanical friends in venturing to determine leaf

impressions. I admit at the outset that some determinations are

much too sanguine, especially when based upon fragmentary mate-

rials. There is more or less convergence in foliar characters in

unrelated or remotely related families and there is also considerable

variation in the leaves of a single species, but the fact remains that

foliar characters in general are more conservative than those derived

from almost any other organs of plants. They are subjected to less

complex environmental factors and always have been. It should be

remembered that characters less essential in the vital activities of

plants, such as leaf form, when once acquired, may continue practically

unchanged for thousands of years and afford a surer clue to relation-

ship than characters more immediately within the field of action of

natural selection. This is shown by the persistence of fern fronds

on the Paleozoic Pteridosperms ; by the uniformity of Cycad-like

fronds from the Permian to the Cretaceous ; and by the striking per-

sistence of dicotyledonous foliar types from the Mid-Cretaceous to

the present. It is paralleled by Dall's observations on the persistence

of superficial and ornamental shell characters in the ]\Iollusca from

the Cretaceous to the Recent.

The opinion I mention in a preceding paragraph is mainly the

result of ignorance both of foliar characteristics and paleobotanical

literature, and an unwillingness to spend the time necessary for a

mastery of the subject. I have tested systematic botanists time and

again with recent leaves and the results are not especially creditable.

They generally know that leaves are green in color and that some are

simple and others compound : they may even know whether the mar-

gins are entire or toothed, but the venation is usually a closed book.

I know of but one manual that pretends to pay careful attention to

foliar characters and that is Sargent's " Tree Book " and even here

the figures pay no attention to venation.® In the tropics where

flowers and fruits are often unobtainable or beyond reach it is easy to

•^ Sudworth's "Trees of the Pacific Slope" is the most admirable work

in this respect that has ever been published.
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learn to recognize most arborescent forms by their habit and foHage

but to most botanists, systematic or otherwise, anything beyond the

floral structure receives but scant attention.

It is reasonable to conclude that palms and tree-ferns were never

boreal plants that have in the course of ages become restricted to the

tropics as Naumayr once suggested in an efifort to explain their pres-

ence within the Arctic circle on other than climatic grounds. Uni-

formity of conditions is the foundation upon which the whole fabric

of our knowledge of past events rests and it is just as unscientific to

assume that the carrying power of water was not conditioned by its

velocity during the Tertiary as it is to assume that insolation, humid-

ity, rainfall, winds and all the other factors that constituted the en-

vironment of the vegetation, had effects different in kind from their

effects on the living flora.

In a study of this sort the chief emphasis should be based upon

comparisons with the existing relatives of the fossil forms and not

upon a search among the illustrations of works devoted to the study

of previously described fomis, often from remote regions, for what

appears similar. The latter should not be neglected however and no

descriptions are complete unless they include a discussion of the re-

semblances and differences of previously described forms that show

similarities to the form in hand with their geologic and geographic

destribution. Even the most trivial characters of the fossil should be

carefully noted since all are or will become valuable in future studies.

The living representatives, their habitat, range and variation are of

the greatest importance in determining paleoecology.

Unless there is clear evidence of transportation it may be assumed

that strand plants and upland plants will not be found in association

and if such seems to be the case, additional study may reveal the

errors of determination.

That all floras are dynamic and not static : that all their elements

are more or less plastic in their reactions to the infinite complexity of

their environment raises a certain amount of scepticism regarding the

methods and results of what may be called paleoecology. This is

especially true since so little is known regarding the precise relations

between existing plants and their environment. At the same time

there is no other method available and it must be considered to be a
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legitimate method until negatived in human experience. If it be

assumed untrue there is no limit to idle speculations as futile as those

of medieval times.

The Wilcox flora as described in the present study comprises con-

siderably more than 300 species—the exact number is without sig-

nificance since it is so largely dependant on accidents of preservation

and discovery, and since it is also considerably influenced by the

evaluation of specific characters. The number might readily be

increased to 400 if fragments of new forms were considered the

basis for the description of species.

This flora is therefore one of the largest floras as yet known from

a single geologic horizon in a single area, although it is considerably

overshadowed numerically by the so-called Fort Union flora of the

Rocky Mountain Province, which however covers a greater geo-

graphic area and a longer interval of time.

Compared with foreign Eocene floras of similar age it may be

noted that Ettingshausen enumerated ^2 genera and 200 species from

the London Clay of the Island of Sheppey" and 116 genera and 274

species from Alum Bay on the Isle of Wight. ^ I mention these two

English floras specifically since while never adequately described

they are at least partly contemporaneous with that of the Wilcox, as

I hope to show in the chapter on correlation, and they therefore ofifer

various interesting details for comparison as will appear on subse-

quent pages.

The Wilcox flora comprises 128 genera in 59 families and 33

orders. The Thallophyta are represented by a few species of leaf-

spot fungi, and if the student were to follow the fashion set by the

older continental paleobotanists the so-called species of spot- fungi

could be increased many fold, as I have only picked out for enumer-

ation certain conspicuous or characteristic types. The Bryophyta,

as is usually the case in fossil floras, are entirely unrepresented, al-

though the sediments are often of a character to have preserved them

in perfection if they had been present, and the assumption is logical

that they.were either confined to more northern latitudes at this time

or were an exceedingly minor element in the flora. The Pterido-

" Ettingshausen, Proc. Roy. Soc. Loud., Vol. 29, 1879, pp. 388-396.

^ Ettingshausen, Ibidem, Vol. 30, 1880, pp. 228-236.
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phyta which are such a preponderating element in all fossil floras up

to the Middle Cretaceous are represented by a doubtfully determined

Lycopod and six species of ferns.

Ferns are among the most abundant (in specific differentiation)

vascular plants in the flora of tropical America, the island of Jamaica

being especially celebrated for its fern flora. Grisebach enumerated

340 species of ferns in his " Flora of the British West Indies " pub-

lished in 1864. In Urban's more recent work 182 species of the

Polypodiacese alone are recorded from Porto Rico. The following

five genera have been recognized in the Wilcox: Aneimia, Lygodiuni,

Asplcnkun, Pteris and Meniphylloides—each represented by a single

species except the genus Aspleninm which has two species. While

six species seems a small number of ferns in a subtropical flora like

that of the Wilcox it is just twice as many as have been found in the

contemporaneous deposits of Alum Bay on the Isle of Wight where

the remains of an extensive flora is preserved in the pipe-clays. The

explanation of this seeming disparity between the fern representation

in the Lower Eocene and in modern floras is readily formulated and

it will also indicate the reasons for thinking that the real Wilcox fern

flora if it were available for study would be a rich and varied one,

comparable at least with the existing fern flora of the lowlands of

subtropical America.

The known Wilcox flora is almost entirely a coastal flora made

up very largely of strand types. Very few elements in it can be

legitimately considered as derived from inland areas by stream trans-

portation, in fact their condition of preservation alone proves that

they grew in the immediate vicinity of where they are now found as

fossils. With a few striking exceptions the existing tropical and

subtropical fern floras are floras of humid inland or upland habitats,

for example the majority of the Jamaican ferns are found on the

Blue Mountains. The most striking exception to this statement is

the genus Acrostichum which strangely enough has not yet been

positively recognized in the Wilcox flora although it was widespread

along the shores of the Mississippi Gulf in the succeeding Middle

Eocene (Claiborne) and Lower Oligocene (Vicksburg) floras, as

abundant apparently as it is in the existing flora of tropical tidal

marshes in both the Eastern and the Western Hemispheres. Another
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fern type liable to be present in coastal thickets is the genus Lygo-

diiim with its scandent habit, and this genus is represented in the

Wilcox flora by both sterile and fertile fronds. It is likewise com-

mon in the Claiborne and Vicksburg floras and in Tertiary floras

generally. Besides Lygodimn, the family Schizaeaceae is represented

by a species of Aneiinia which must also be considered to have been

a coastal type in the early Eocene as are some of its species at the

present time, since very similar species of Aneiinia are found at a

very large number of Eocene coastal deposits both in this country

and abroad.

The remaining four species of Wilcox ferns are all referable to

the family Polypodiacese which is the dominant existing family of

the fern phylum. The two species of Asplenium are types readily

matched by existing Central American species. The Ptcris, not cer-

tainly identified as a true species of this common cosmopolitan type,

had stout coriaceous fronds and may have been transported since it

occurs at only two localities in the Wilcox and at one of them it

is in a fragmentary condition. This supposition receives some sup-

port from its presence in the basal Eocene of the Rocky Mountain

province after the sea had withdrawn from that area and after there

had been a large amount of volcanic activity and more or less uplift.

The genus Meniphylloides is a unique type as yet peculiar to the Wil-

cox flora although it is closely related to the similarly unique genus

Meniphyllum Ettingshausen and Gardner from the Middle Eocene

(Lutetian) of England and both are closely related to and possibly

tlie progenitors of the existing genus Meniscitim which has at least

one species that is close to the Wilcox form, Meniphylloides is

only found at two localities near the top of the Wilcox and its prob-

able habitat is not known. The remains are broken but are asso-

ciated with a typical strand flora.

It will be seen that of the Wilcox ferns whose habitats can be

surmised all are coastal types and when we recall that the mainland

was relatively low throughout Wilcox time it is not surprising that

the ferns are not more strongly represented. By a specialization of

habitat in modern equatorial regions a considerable proportion of

the flora becomes epiphytic, the smaller ferns being commonly so.

None of the members of the extensive Wilcox flora can be regarded

PROC. AMER. PHIL. SOC, UII. 2I4 J, PRINTED JULY 10, I9I4.
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as epiphytes with the possible exception of Lycopodites? eolignitica

which is such a rare and poorly represented form that it is without

significance. Apparently epiphytes were not conspicuous in the Wil-

cox coastal floras so that this possible source of supply for additional

fern species is also eliminated.

The Gymnospermae so conspicuous in Alesozoic floras are rela-

tively unimportant in the Wilcox flora, a feature due to their gen-

eral unimportance in Cenozoic floras and to their intolerance of the

habitats and climatic conditions indicated by the tout ensemble of

the Wilcox flora. All of the five Wilcox gymnospemis are referred

to the relatively modern family Pinacese and none of the genera are

especially close to Mesozoic types. The Cycadacese which might be

expected to be represented by Zauiia-Vikt forms have not been found

although the presence of typical WiUiamsonia fructifications in the

Upper Cretaceous of the coastal plain indicates that the Cycad phy-

lum had not been long extinct in this area.

The Angiospermge, beyond all odds the dominant type in existing

floras, was as clearly dominant in Wilcox time since to it belong over

94 per cent, of the known Wilcox flora. Of these numerous angio-

sperms only seven are referable to the Monocotyledonse. It is true

the number of monocotyledons might have been increased by describ-

ing the various sedge or grass-like fragments that are not uncommon

at certain localities. None of these have, however, been dignified by

names except a single form each of Poacites and Cypcritcs which

were only retained since they were already in the literature. That

only three species of palms have been recognized is remarkable

siince palms were well differentiated at this time and various genera

such as Phocnicites, Thrinax, Geonoma, Bactrites, Manicaria, etc., are

recognized in our later Tertiaries. In the contemporaneous deposits

of Sheppey of the 30 monocotyledons enumerated by Ettingshausen

(op. cit., p. 393) 22 species are palms. On the other hand the Alum

Bay flora contemporaneous and not far distant from the Sheppey de-

posits furnished only 6 monocotyledons. This contrast indicates that

the fruits accumulated at Sheppey in the delta of an Eocene river

system contain interior fonns not present in the coastal region repre-

sented by the Alum Bay clays and that inland from the Wilcox coast

the display of monocotyledons suitable to the Wilcox environmental

conditions flourished but failed of preservation.
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Since the early Eocene floras of Europe are so much like those

of southeastern North America an enumeration of the Sheppey

palms is of considerable interest. They include the genera Nipa,

(Enocarpns, Areca, Iriartca, Liz'tstonia, Sabal, Chamcerops, Thrinax,

Bactris, Asterocaryiun, and Elects. Of these Nipa and Sabal are rep-

resented in the Wilcox flora while Thrinax and Bactrites are present

in the embayment area in the Middle Eocene (Claiborne). The

Order Palmales, or more properly Arecales, has a single existing

family the Arecarese (Palm?e) with about 150 genera and consider-

ably over a thousand existing species about equally divided between

the oriental and occidental tropics. There are no temperate outliers,

although some species extend for considerable distances into the

temperate zone as for example Sabal adansonii which ranges north-

ward along the Atlantic Coast as far as North Carolina. The pres-

ent distribution of the palms is a good illustration of modern con-

tinental floral diversities succeeding a Tertiary cosmopolitanism of

floras and it shows further the part played by isolation in evolution,

also indicated by the abundance of monotypic genera in the Orient

where the tropical area is so much broken. Not a single species or

genus is common to the two hemispheres and even the tribes are

almost all either oriental or occidental.

Regarding the origin of the palms most students regard the Pan-

danacese (screw pines) as their probable ancestral stock and while

the latter family is entirely oriental at the present time this was not

true in the Tertiary, and it is perhaps significant that the existing

genus Phytelephas which is regarded as intermediate between the

Pandanaceje and the Arecace?e is exclusively American, and that

genera now exclusively oriental like Nipa and Phoenix are repre-

sented in the American Tertiary (Nipa in the Wilcox and Phwnix in

the Vicksburg). There is no warrant for asserting that palms are

of occidental origin, at the same time their oriental origin is equally

difficult of proof and what we know of their geologic history conclu-

sively shows the inadequacy of the existing distribution in a discus-

sion of their phylogeny.

The three Wilcox species of palms comprise a fan palm and two

feather palms. The Chamcedorea leaves represent a small palm

whose numerous modern allies are confined to America, being richest
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in species in the humid mountainous regions of Central America. It

is not a coastal form and is not found in association with the typical

Wilcox strand flora, occurring only in the basal Wilcox of Choctaw

County, Mississippi, and at the base of the transgressing Upper Wil-

cox deposits in Saline County, Arkansas. Its rarity and occurrence

in basal beds would seem to indicate that its area of growth was

inland and only reached in these two cases by the landward migration

of the strand line. The Sabalites, which I have compared with the

existing Sabal palmetto, is common everywhere from the base to the

top of the Wilcox. It is distinctly a coastal type, rather of the

lagoons, bayous and estuaries than of the strand. This is indicated

by the fragmentary nature of the remains at very many localities and

the occurrence of innumerable complete specimens at other localities

as for example at Oxford, Mississippi, where the presence of unios

and the local unconformities indicate estuary conditions.

The Nipa palm found in the Upper Wilcox is clearly an inhabi-

tant of muddy tidal shores so that it would naturally be expected in

the laminated clays of the Upper Wilcox. Its single modern repre-

sentative is tolerant of water of considerable salinity and is a mem-

ber of the mangrove association of the Orient. It shows many points

of affinity with the Pandanacex and has never before been found

in the Western Hemisphere. Like so many forms which are strictly

oriental in the existing flora such as Cinnamomnm, Artocarpus, Phcc-

ni.v, etc., it enjoyed a cosmopolitan range during at least the earlier

half of the Tertiary period.

A somewhat full account of Nipa has been recently published

by me^ and need not be repeated in the present connection.

The single species of Canna of the Wilcox represents a strictly

hygrophilous type which is confined to America in the existing flora.

It is an inhabitant of estuary and river swamps near the coast, and

that the Wilcox species inhabited a similar situation is indicated by

its restricted occurrence and its association with Sabalites near the

mouth of a Wilcox river, w^iich on other grounds is known to have

been present in Lafayette County, Mississippi.

The Dicotyledonse of the Wilcox as might be expected are largely

choripctalous forms since there are over 250 species of Choripetalse

* Berry, E. W., Am. Jour. Sci. (IV.), Vol. 2,7, PP- 57-^0, Fig. i, 1914.
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(Archichlamydese) and only 35 species of Gamopetalae (Sympetalse).

At the same time the representation of Gamopetalae is really much
larger than might be expected thus early in the Eocene and many

families often thought to be relatively more modern have been found

to be represented.

The following orders of Choripetalse are not represented in the

Wilcox flora : Casuarinales, Piperales, Salicales, Balanopsidales, Leit-

neriales, Santalales, Sarraceniales and Opuntiales. The absence of

the Balanopsidales, Sarraceniales and Opuntiales is not remarkable

since they are all specialized types and the rather uniform habitats of

the cacti and their relatively modern evolution both conspire to elim-

inate them from Eocene coastal floras. The presence of the prim-

itive Casuarinales and Piperales might be expected especially since

there is a well marked Piper-like form in the Upper Cretaceous of

Alabama. The Salicales while prevailingly temperate forms are

abundantly represented in the Upper Cretaceous floras of the embay-

ment area and the Santalales have also been recorded from the

American Upper Cretaceous and are present in the European Ter-

tiary.

Those alliances of Gamopetalae which are not present in the Wil-

cox to be enumerated presently are mainly the great modern and

temperate zone groups. .For example there are no Wilcox species of

Ericales, Labiatas, Convolvulaceas, Bignoniaceae. Scrophulariaceae,

Plantaginales, Valerianales or Campanulales, this proving not only

the essential modernness of the evolution of the Compositae^° but

firmly establishing the thesis that the Wilcox flora is a subtropical

and not a temperate flora.

The following are the larger families in the Wilcox flora : The

Lauraceae with 30 species, Caesalpiniaceae with 26, Moraceae with 23,

Papilionacese with 22, Rhamnaceae with 14, Sapindaceae with 13,

Sapotaceae with 12, Myrtaceae and Mimosaceae each with 11, Combre-

taceas and Anacardiace^ each with 9, Juglandaceas with 8, Celastra-

ceae with 7, and the Proteaceae and Apocynaceae each with 6.

The largest single genus is Ficiis with 18 species, then comes

Cassia with 12, Sapindus with 9, Gleditsiophyllum with 8, Oreo-

10 The fruit described as Carpolitlius hyoscritifor)iiis is probably referable

to the Compositse.
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daphne, Sophora and Anacardites each with 7, Cinnamomum, Nec~

tandra, Rhamnus, Myrcia and Bumeiia each with 6, and Ceiastrus,

Dillenites, and Apocynophyllum each with 5. Ten species are re-

ferred to the form-genus Carpolithus and this number could readily

be greatly increased if all the unidentified seeds were named and

described.

The amentiferous families, in accordance with their Upper Creta-

ceous deployment and their undoubted primitive and not reduced

character, are represented in the Wilcox flora by fourteen species, a

number of which are individually abundant.

The Juglandales^^ are represented in the Wilcox by three species

of Juglans only one of which, Jiiglans Schimp eri, is at all common

;

by a doubtfully determined species of Hicoria; by three well-marked

species of Engelhardtia and by an extinct type, Paraengelhardtia, of

a habit similar to that of Engelhardtia.

The genus Juglans is one of the earliest of the still existing dicoty-

ledonous genera to appear in the fossil record and it is continu-

ously represented in fossil floras from the Alid-Cretaceous to the

present. There are about 25 Eocene species of Walnut and they

range during that period from the Gulf region to Alaska and Green-

land, and are also present in the tropical forests of the Egyptian

Fayum in the early Oligocene. The outlying existing species in

the West Indies and under the equator in South America prove that

in spite of the northward range of the Asiatic species in Manchuria

and of some of the North American species into New England and

southern Ontario, its progenitors were at least subtropical types, a

fact corroborated by their foliar character since it is a well-known

fact that compound leaves indicate tropical ancestry, and this is

abundantly proven in the case of Juglans by its associates in the fossil

floras where it has been found represented.

The genus Engelhardtia^^ is one of the most interesting Wilcox

genera. In the first place the identification of its leaves is corrobo-

rated by two varieties of characteristic winged fruits.

The genus was described by Leschen in 1825 and contains about

11 See Berry, E. W., " Notes on the Geological History of the Walnuts

and Hickories," Plant Woirld, Vol. 15, 1912, pp. 225-240.

12 See Berry, E. W., Am. Jour. Set. (IV.), Vol. 31, 1911, pp. 491-496;

Plant World, Vol. 15, 1912, pp. 234-238, Figs. 3, 4-
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ten species of the southeastern Asiatic area. These range from the

northwestern Himalayan region, where they extend a short distance

north of the Tropic of Cancer, through farther India and Burma

to Java and the Phihppines. The pistillate flowers are small and are

grouped in paniculate spikes. They develop into small drupe-like

fruits, each of which is connate at the base to a large expanded tri-

alate involucre.

A single little known species, rarely represented in even the larger

herbaria, occurs in Central America and is the type and only species

of the genus Oreomnnnea of Oersted. This is much more restricted

in its range than are its kin beyond the Pacific. Oreomnnnea is very

close to Engelhardtia, and for the purposes of the paleobotanist the

two may be considered as identical since they represent the but

slightly modified descendants of a common ancestry which was of

cosmopolitan distribution during the early Tertiary. The present

isolation of Oreomnnnea furnishes a striking illustration of the enor-

mous changes which have taken place in the flora of the world in the

relatively short time, geologically speaking, that has elapsed since the

dawn of the Tertiary.

The principle has frequently been enunciated that when closely

related forms are found in the existing flora of the world, restricted

in range and isolated from their nearest relatives, or when other

existing genera are monotypic, it is quite safe to predict an interest-

ing and extended geological history. Engelhardtia proves to be an-

other illustration of this principle, for its peculiar three-winged fruits

have been known in the fossil state for almost a century. They were

long unrecognized, however, and the earlier students who described

them compared them with the somewhat similar winged fruits of the

genus Carpinus (Betulace?e). With the botanical exploration of dis-

tant lands in the early part of the nineteenth century, specimens of

Engelhardtia began to be represented in the larger European her-

baria, and Baron Ettingshausen, that most sagacious of paleobota-

nists, as long ago as 1851 pointed out that certain supposed species of

Carpinus were really fruits of Engelhardtia. He returned to the sub-

ject in 1858 without, however, actually changing the names of any

of the supposed species of Carpinus nor does he seem to have been

aware of the existence of a living species of Engelhardtia {Oreo-

munnea) in Central America.
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Since Ettingshausen's announcement a dozen or more fossil spe-

cies have been described. The oldest known European form occurs

in the lower Oligocene (Sannoisian) of France and the species be-

come increasingly abundant throughout southern Europe, especially

toward the close of the Oligocene and the dawn of the Miocene,

Saporta stating that the slabs from the leaf-beds at Armissan in south-

eastern France are thickly strewn with their peculiar fruits. Fossil

forms continue in Europe throughout the Miocene and Pliocene and

specimens of late Miocene or early Pliocene age are recorded from

Spain, France, Italy, Croatia, and Hungary.

The Wilcox species are somewhat older than any of the known

European forms

The existing Engelhardtias are upland forms and this may pos-

sibly have been their habitat in Wilcox times although their abun-

dance at different localities along the Wilcox coast would seem to

indicate that this was not the case.

The genus Paraengelhardtia, which is a unique type confined to

a single locality in the W^ilcox, is clearly allied to Engelhardtia, as I

have shown in the systematic chapter. It seems probable that it

represents a survival of the ancestral stock from which Engelhardtia

was derived since its fruits are more primitive and indicate ancestral

forms with smaller bracts comparable with the bracts of Juglans or

Hicoria which in the course of time became accrescent and subse-

quently deeply trilobate. The primitive character oi Paraengelhardtia

and the presence of true Engelhardtias in the Wilcox so much earlier

than their first occurrence in Europe suggests that America was the

original home of the Engelhardtia stock, althovigh this supposition

cannot be verified or disproved until a Tertiary paleobotanical record

for the continent of Asia is available.

The Myricales contains but two species of Myrica in the W^ilcox

flora. Myrica is a very old generic type with a large number of

fossil species ranging from the Middle Cretaceous to the present.

The existing species are relatively few in number and widely scat-

tered geographically and represent survivors from a Tertiary cosmo-

politan distribution. Myrica^^ is much less abundant in the Wilcox

^2 The allied and monotypic genus Comptonta which by some students is

included in Myrica has an extended geologic history which has been discussed

by Berry, Amer. Nat., Vol. 40, 1906, pp. 485-520, pi. 1-4.
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than in the European Tertiary, ahhough it was present in the em-

bayment area in the late Upper Cretaceous (Ripley formation of

Tennessee). Its meager representation in the Wilcox time may be

due to the more tropical climate conditions. The modern Alyricas

are temperate and subtropical and a number of the species are coastal

forms of either swamps or sand dunes. Myrica elccanoides was evi-

dently a coastal form and so was Myrica zvilcoxensis. The latter is

very similar to the existing Myrica cerifera which ranges from New
Jersey to Texas and is also found on the Bermudas and Bahamas. It

is most abundant and vigorous in the sandy swamps along the south

Atlantic and Gulf coasts and its habitat may be compared with that

of Myrica zvilcoxensis. The latter seems to be the ancestral stock of

a very similar species which occurs along the Middle Eocene (Clai-

borne) coast of the embayment.

The order Fagales, which includes such important timber trees

of the temperate zone, is comprised by the two families Betulacese

and Fagaceae, together containing about 450 existing species, of

which three fourths belong to the Fagaceae. Only the latter family

is represented in the Wilcox although the Betulaceae are character-

istically developed in the Upper Cretaceous of North America.

The family is unrepresented in the Wilcox flora probably because

the climate was too warm and this reason may also account for the

absence of true oaks since the Fagaceae are represented in the Wil-

cox flora by only the genus DryophyUum with four rather wide-

spread and often common species.

The genus DryopJiyllum is of worldwide distribution and consist-

ently uniform characters in the various horizons of the late Cre-

taceous and early Eocene from the Senonian to the Ypresian stages.

It especially characterizes the dawn of the Eocene and represents the

ancestral stock from which the genera Castanea, Castanopsis, Pasania

and Querciis took their origin, although this origin was in the late

Cretaceous. As might be expected DryophyUum has long since be-

come extinct. The Wilcox species were apparently strand types as

were also the numerous species enumerated by Debey, the describer

of the genus, from the sandy shores of the Upper Cretaceous sea of

Rhenish Prussia. DryophyUum is abundant in the Montian of Bel-

gium and in the littoral sands of Ostricourt and Belleu in
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France. In the systematic chapter detailed comparisons are made

between the Wilcox and the foreign species, which show a striking

parallelism.

The Urticales includes the families Ulmacese, Moracese and Urti-

caceae together containing about 1,600 existing species. The Urti-

cacese are largely herbaceous forms and the Ulmacese are mostly

extratropical.

The Ulmacese comprise thirteen genera and about 140 existing

species, widely distributed in temperate and tropical regions. A
single species of Planera described originally by Newberry from the

Western Eocene is doubtfully identified from the Wilcox. The

genus is monotypic in the existing flora and confined to wet swampy

situations in the warm temperate region of southeastern North Amer-

ica. Its geologic history goes back to the Upper Cretaceous at which

time species have been recognized along the Atlantic coast from

North Carolina northward. Thus there is no reason why it should

not have been present in the early Tertiary of the embayment unless

it be argued that the climate was too wann.

The Moracese, by far the largest family of the order Urticales

and the only one certainly represented in the Wilcox flora, contains

between 900 and 1,000 existing species segregated among about 55

genera, of which the genus Ficus is by far the largest, including

about 60 per cent, of the existing species of the family. The ]\Iora-

cese are distinctly tropical and warm temperate types and are most

abundant in the oriental tropics, although the dominant genus Ficus

is widespread and the family is also largely represented in the South

American tropics.

There are at least 18 monotypic genera of which one is North

American, four South American, four African, and nine Australian.

No single tribe is confined to a single continental area and all show

apparent anomalies of distribution due to our lack of knowledge of

their geologic history. The genera Ficus, Artocarpus and Artocar-

pidium go back to the base of the Upper Cretaceous and numerous

additional genera appear in the Eocene.

There are 23 species of Moracese in the Wilcox flora. The genus

Artocarpus is represented by three well-marked species. In the ex-

isting flora the two score known species of Artocarpus are confined
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to the southeastern Asiatic region^* although some of them are cul-

tivated in all tropical countries. The tribe Euartocarpccc of which

Artocarpus is the largest existing genus, have, however, five of their

genera confined to Central and South America, one confined to trop-

ical West Africa, two confined to the southeastern Asiatic region, one

to Borneo and one ranging from Japan to Australia. While the

geologic history of Artocarpus is only imperfectly known at least

15 different fossil species have been described. The oldest is a well-

marked form based on characteristic leaves and parts of the fruit

which show the typical surface features. It has been fully described

by Nathorst^^ and comes from the Atane beds (Cenomanian) of

West Greenland. Slightly younger is a less well-defined form re-

corded from the Emscherian of Westphalia, and the somewhat doubt-

ful genus Artocarpophyllum of Dawson from the Upper Cretaceous

of Vancouver Island. Another species is recorded from the Laramie

formation and the genus is widely distributed in the basal Eocene of

North America. It continues in the Mississippi Gulf region until

the close of the Oligocene, the last recorded occurrence being in the

Alum Blufif sands at Alum Bluff on the Apalachicola River. On the

Pacific coast it is found in deposits in California and Oregon which

are referred to the Miocene. In the European area it occurs in the

Tongrian of France, the Tortonian of Baden, the Pontian of France

and Italy and the Pliocene of Italy. It is present in both the Plio-

cene and Pleistocene of the island of Java.

Artocarpus is said to be represented by petrified wood in the

Oligocene of the island of Antigua and it was evidently a member of

the American flora from the Upper Cretaceous until late in the Ter-

tiary, although like the genera Cinnamomiim, Nipa, Phoenix^ etc.,

it is not represented in post-Pleistocene American floras. An extinct

genus related to Artocarpus and named Artocarpoides by Saporta,

who described several species from the Paleocene of France, is repre-

sented by a single Wilcox species.

1* It is found throughout Oceanica and was present in the Hawaiian and
Marquesas when they were first visited by Europeans. It was introduced

into the West Indies in 1793.

15 Nathorst, Kgl. Svenska Vetens-Akad. Handl., Bd. 24, No.^ i, 1890, 10

pp., I pi.



156 BERRY—LOWER EOCENE FLORA OF [Ap"i ^s.

The genus Cecropia with about 40 existing species confined to

the tropics of South America has two species in the Aquitanian of

Bohemia and the Midway and Wilcox form described as Ficus sp.

is very probably a representative of this genus.

The genus Pseudohnedia, with five existing species in the Amer-

ican tropics, has a well marked species in the Wilcox flora. As far

as I know it has not heretofore been recorded in the fossil state

although it is probable that some of the very numerous fossil species

of Ficiis may represent Pseudohnedia.

The genus Ficus is represented by numerous species in the Wil-

cox flora no less than eighteen having been described and a number

of these are individually abundant. They include the narrow lance-

eolate forms of the Ficus elastica type, with close-set laterals, as

well as open-veined lanceolate forms, and the shorter and broader

palmately veined forms. None are lobate or have toothed margins.

Ficus was evidently much more abundant and varied along the \\'il-

cox coast than it is today throughout the West Indies and more

nearly comparable in this respect with the display of figs in the East

Indies or in tropical South America.

The number of fossil forms that have been referred to Ficus are

very numerous, numbering perhaps 300 species. None are certainly

known from the Lower Cretaceous, the genus Ficophylhmi'^^ being

entirely doubtful. In the Upper Cretaceous, however, Ficus is very

widespread and abundant, seemingly indicating a Lower Cretaceous

ancestry as yet unknown. The Cenomanian stage has furnished 3

species in Greenland, 6 along the Atlantic Coast and 24 in the interior

of North America, as well as 11 in Saxony, Bohemia and ^Moravia.

The succeeding Turonian stage furnishes 4 species in Bohemia and

the Tyrol, and several in North America (Tuscaloosa, Magothy,

Black Creek, Eutaw formations). Later Upper Cretaceous horizons

have abundant species of Ficus everywhere throughout North Amer-

ica and Europe as well as in Greenland, Australia and New Zealand,

and this cosmopolitanism continues throughout the Tertiary, there

being about 50 Eocene species, about 60 Oligocene species, 90 Mio-

cene species and 20 Pliocene species. Africa is added to the record

in the basal Oligocene, and Asia in the Miocene.

i<5 See Berry, E. W., Md. Geol. Surv., Lower Cret., 1911, pp. 502-506.
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The fossil records will have to be much more complete before the

original center of radiation of the Moraceae can be determined, the

present brief sketch can be said to merely indicate that not only Ficus,

but other genera like Artocarpits that are entirely oriental in the pres-

ent, were normal elements in North America floras, from the time

of the modernization of these floras at the beginning of the Upper

Cretaceous onward. Along our east coast, they apparently became

restricted in their range at the dawn of the Miocene and they ap-

parently never after became as important in southeastern North

America as they had been, or as they are in the recent flora of the

Orient.

The order Proteales includes the single family Proteaceae with

about one thousand existing species. They include the prominent

arborescent forms of Choripetalse in the Southern Hemisphere, to

which region all but the four genera Roupala, Protea, Leucospermum

and Helicia are confined. They are usually considered as Australian

types, in fact the majority of the genera and species are confined to

that continent, nevertheless there are four genera in South America

together containing over fifty existing species, and there are several

genera peculiar to the African flora ; and the genus Helicia is predom-

inantly Asiatic.

The geologic history of the Proteaceae is perhaps one of the most

striking instances that paleobotany afifords of the great difference in

geographical distribution in former ages from what could possibly be

inferred from a study of the present geographical distribution of the

members of this family, although there are some significant features

in the distribution of the recent forms that will be alluded to in a

subsequent paragraph.

The discovery of fossil forms of Proteaceae in the Tertiary depos-

its of Europe was the inspiration of a considerable literature^^ and

was the occasion of a rather acrimonious controversy regarding their

botanical affinity. This is well illustrated in the dissenting opinions

expressed by the botanists Hooker and Bentham who both regarded

fossil leaves as undeterminable. Starting with this apriori principle

it is difficult to see how they could arrive at any other conclusion.

1" See the writings of Unger, Heer, Ettingshausen, Schimper, Schenk and

Saporta.
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The most expeditious refutation of their opinion is furnished by the

present distribution of some of the genera, e. g.^ the genus Roiipala

has 36 species in tropical America, 2 in New Caledonia and i in

Queensland : the genus Embothrium has four Andean species and one

in Australia : the genus Lomatia has 3 species in Chile, 4 in Australia

and 2 in Tasmania. It follows unless one is prepared to subscribe

to the doctrine of special creation for each continent or to the inde-

pendent evolution on separate continents of different species of the

same genus, that during their geologic history these genera must

have ranged over intervening areas, so that if the Cretaceous and

Tertiary plants of the northern hemisphere with fruits and leaves of

the Proteaceje are not related to the genera that they resemble most,

then forms with leaves and fruit resembling those of other families

must be fossil Proteaceae, which ought to seem absurd, even to an

English botanist. As a matter of fact, while exception may justly

be taken to some determinations of Unger, Ettingshausen and Heer,

they in no wise affect the main body of facts and there is so much

collateral evidence furnished for example by the geologic history of

the Araucarian conifers, and the history of the Proteacese is so simi-

lar to that of the Myrtacese and Leguminosse—the two other great

families of the existing Australian flora, that the evidence seems

conclusive.

Turning now to the fossil record those who follow the opinion

of Hooker or Bentham will see how vast and substantial are the

supposed illusions of the paleobotanists. In addition to the two ex-

tinct genera in the Wilcox flora I have fossil records of 32 genera of

Proteacese, although this is artificially enlarged by the joint usage,

according to taste, of names like Dryandra and Dryandroides, Bank-

sia and Banksites, etc. A brief consideration of these genera with

fossil representatives will prove valuable. ^^

The genus Protea Linne, from which the family takes its name,

has about 60 existing species occupying disconnected areas in Cen-

tral and South Africa. To it have been referred a middle Cretace-

ous species from Saxony
; 3 Aquitanian species from Prussia, Bo-

hemia and Greece ; i species from the Burdigalian of Italy ; i from

IS This list is not complete but sufficiently so for the purpose of this

discussion.
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the Helvetian of Switzerland and one from the Messinian of Italy.

Allied to Protea but possibly more generalized is the genus Pro-

teoides of Heer. This has several Tertiary species and a consider-

able number of Upper Cretaceous species (15). There are two each

in the Cenomanian of Bohemia and Lesina, two in the Atane beds

of Greenland, three in the Dakota sandstone of North America, one

in the Tuscaloosa formation of Alabama, one in the Middendorf beds

of South Carolina, one in the Cretaceous of Australia, two in the

Vancouver Island Cretaceous and one in the Senonian of Saxony.

The genus ProteophyHum Velenovsky^'* a still more generalized

proteaceous type has seven species (Saporta, 1894) in the Albian

(Vraconian) of Portugal and 8 species in the Perucer beds (Ceno-

manian) of Bohemia. Another generalized type is Protcopsis Vel-

enovsky with a single species in the Cenomanian of Bohemia. The

genus Proteaphyflum of Fontaine containing 2 species in the Patux-

ent fomation (Neocomian) of Virginia I regard as entirely worth-

less.^" The genus Conarrhencs Labill with one existing species in

Tasmania has a single species based on both foliage and fruit in the

Miocene of Carniola according to a determination of Ettingshausen's

which may well be viewed with suspicion. The genus Conospcnnum

Smith with about 33 existing species in Australia has two fossil spe-

cies in the Oligocene of Styria and one in the Miocene of Carniola,

while the somewhat less definite genus Conospcrmites (Ettings-

hausen, 1867) has a fossil species in the Upper Cretaceous of Aus-

tralia and one in the Cenomanian of Saxony and Bohemia.'^^

The genus Helicia Lour, is of especial interest since it is found

farther north in the existing flora than any other member of the

family. There are about 25 modern forms, mostly Indomalayan,

but a few still survive in or have recently spread to Australia. The

fossil record includes a species in the Oligocene of Styria and another

in the Pliocene of Italy. The genus Lamhcrtia Smith with 8 exist-

ing Australian species has a single fossil species in the Miocene of

Carniola. The genus Hakea Schrad. with 100 recent Australian

19 Velenovsky, Kvetena ceskeho cenomanu, 1889, p. 18.

20 See Berry, Md. Geol. Surv., Lower Cretaceous, 191 1, pp. 494-499.

21 1 regard Fontaine's determination of a species in the Lower Cretaceous

of Virginia as worthless.



160 BERRY—LOWER EOCENE FLORA OF [April 25,

species has eleven fossil species in the Oligocene of Europe; in

France, the Tyrol, Saxony and Greece; and no less than 17 Miocene

species in France, Italy, Switzerland, Baden, Hesse, Prussia, Bohe-

mia, Austria, Styria, Croatia and Hungary.

The genus Knightia R. Brown with a modern species in Australia

and 2 in New Caledonia has a fossil form in the Eocene of Australia

and another in Graham Land"- in beds regarded as Oligocene. The

allied genus Knightites Saporta has two species in the Sannoisian

of France.

The remarkable genus Lomatia, previously mentioned, has four

existing species in Australia, 2 in Tasmania and 3 in Chile. As

might be expected from their modern isolated occurrences there are

over 30 fossil species based in some cases on associated leaves and

fruits. The oldest of these are two (perhaps wrongly identified)

species in the Dakota Sandstone. Eocene records include the Green

River shales of North America, a Ypresian species from the south

of England, an Italian species, five Australian and one Tasmanian

species. There are about a dozen Oligocene species, some of which

are very characteristic. They occur in the Tyrol, Saxony, Baltic

Prussia and Styria, and the relatively large number of four are

recorded by Dusen from Graham Land (Antarctica). There are also

about a dozen Miocene species recorded from such separated areas

as Colorado, Switzerland and Carniola. The wonderfully preserved

leaves in the volcanic ash beds at Florissant, Colorado, from which

seven forms have been described, the only known Miocene occurrence

of Lomatia in North America, are alone sufficient to confound the

sceptics.

The allied genus Lomatites Saporta has a Cenomanian species in

Saxony and five or six Oligocene species in France. The genus

Stenocarpus R. Brown, with 11 existing species in New Caledonia

and 3 additional ranging from North Australia to New South Wales,

has a single fossil species in the Oligocene of Saxony.

The genus Persoonia Smith has 60 existing species in Australia

and one in New Zealand. The fossil record includes two widely

distributed species in the Upper Cretaceous of North America ; one

22 Dusen, Wiss. Ergeb. Schwed. Siidpolar. Exped., 1901-03, Bd. 3, Lief.

3, p. 7, PI. I, Figs. 7, 9, II, 1908.
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in the English Eocene; four in the OHgocene of Tyrol, Saxony,

Styria and Greece; ten in the Miocene of France, Italy, Switzerland,

Baden, Bohemia, Styria, Croatia, Carniola and Slavonia. A large

number of these fossil forms of Persoonia are not especially convic-

ing but certainly the three European species Persoonia cnspidata,

daphnes, and Myrtilhis of Ettingshausen-^ which have the leaves

associated with characteristic fruits are above suspicion.

Bowerbank in his classic study of the pyritized fruits and seeds

from the Island of Sheppey established a genus which he called

Petrophiloides from its resemblance to the genus Petrophila R.

Brown which has about 35 existing species in Australia, the majority

of which are confined to West Australia. Bowerbank described sev-

eral species one of which was shown by Starkie Gardner to be an

Alnus fruit and others have been referred to Sequoia. Ettings-

hausen-* in the study of the Sheppey fruits after careful comparisons

retained three English Eocene species and the genus has also been

recognized in the Sannoisian of Dalmatia and Styria.

The genus Leitcadendrites was established by Saporta for a San-

noisian species of southeastern France from its resemblance to

Leucadendron Herm., which has upwards of 70 existing species in

South Africa.

The genus Grevillea R. Brown has 56 existing species confined to

Australia. The fossil record includes a Cretaceous species in Aus-

tralia; two Cenomanian species in Bohemia {Grevilleophylliim Vel-

enovsky) ; three Eocene species in England, France and Italy; twelve

OHgocene species mostly in southern France but also represented in

Saxony, Tyrol, Bohemia, Styria and Greece ; and twelve ]\Iiocene

species in France, Switzerland, Bohemia and Croatia.

The genus Enibothriuni Forst., already alluded to, has four ex-

isting species in South America which range from Chile to the

Straits of Magellan, and a fifth species in Australia. This widely

separated occurrence is explained when the fossil record is combined

with the occurrences referred to Enihothrites, Emhothriopsis and

Emhothriophyllum. To Embothrium are referred 8 OHgocene spe-

23 Ettingshausen, Site. K. Akad. Wiss., Wien, Bd. 7, 1851, pp. 718-719,

PI. 30, Figs. 6-14.

24 Ettingshausen, Proc. Roy. Soc. Loud., Vol. 29, 1879, p. 394.

PROC. AMER. PHIL. SOC, LIU. 214 K, PRINTED JULY II, I9I4.
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cies of Styria and Greece and 4 Miocene species of Baden, Styria,

Croatia and Hungary. To Embothriopsis Hollick a single species

from the Long Island Middle Cretaceous is referred.

EmhothriophyUum is used by Dusen for a single species from the

supposed Oligocene of Graham Land. The genus Eiiibothritcs

Linger has a doubtful species in the Dakota Sandstone; six Oligo-

cene species in France, Tyrol, Styria, Carniola and Greece; and 3

Miocene species in Croatia and Bohemia.

The genus Dryandra R. Brown has about 50 existing species in

Australia. The fossil forms have occasioned much discussion and

have been referred back and forth between this genus and Comptonia

and Myrica. The forms retained in Dryandra include a Cenomanian

species in Bohemia and Moravia ; an Eocene species in France ; two

Eocene species in Australia and an Oligocene species in Greece. The

allied forms referred to the genus Dryandroides Unger include 5

Upper Cretaceous species in Europe and North America ; an Eocene

species in Tasmania
; 4 Oligocene species in Italy, Tyrol, Saxony,

Styria and Greece ; and a Miocene species in Bohemia.

The allied genus Banksia Linne fil., also confined to Australia in

the existing flora, has 7 Upper Cretaceous species—4 Australian and

3 in the North Temperate zone, ten Eocene species, of which 7 are

Australian, i Alaskan ( ?) and 2 English ; twelve Oligocene species

widely distributed in Europe; 16 Miocene species equally widespread

in Europe; and a Pliocene species in Italy. Three especially well

marked species from the Wilcox have been referred to this genus.

The allied genus Banksites Saporta has a Cenomanian species in

Bohemia and various Tertiary records from Europe hopelessly en-

tangled in the literature with Banksia, Dryandra and Dryandroides.

The genus Roiipala Aublet {Rhopala), whose peculiarly isolated out-

liers in Queensland and New Caledonia have already been mentioned,

is common in northern South America, extending northward to

Guatemala. Fossil forms are recorded from the Cenomanian of

Saxony, from the Eocene of Australia and from the Aquitanian of

Switzerland. In addition Saporta described a Rhopalospcrmitcs from

the lower Oligocene of France and a species of RhopalopJiyllum has

been described from the Upper Cretaceous of Australia and a second

from the Miocene of Styria.
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The geological history sketched in the preceding paragraphs is

necessarily fragmentar}', nevertheless I think the data are sufficient

after excluding doubtful determinations to show that the family had

its origin in the northern hemisphere, making its first appearance in

the fossil record at the close of the Lower Cretaceous, becoming

practically cosmopolitan during the Upper Cretaceous at which time

it reached the Australian region from southeastern Asia. New Zea-

land must have already been segregated but not the land mass now
represented by New Caledonia. During the early half of the Ter-

tiary Africa and southern Europe were essentially a single floral

province wdiile in the Western Hemisphere the Proteaceae ranged

from the United States through South America and an unknown dis-

tance across Antarctica. Concomitant with the continent building

and the consequent climatic changes of the Miocene the area of dis-

tribution commenced that shrinking which culminated during the

Pleistocene, leaving the stranded remnants of the stock in their pres-

ent widely separated quarters of the southern hemisphere. Not all

the modern genera took part in this history since the local peculiari-

ties of poor soil and rigorous climate combined with relative freedom

from outside competition were the factors that stimulated a Tertiary

evolution of forms in Australia in exactly the same manner as the

peculiar Australian genera of ]\Iyrtace?e and Leguminosae w'ere

evolved.

The Wilcox species of Proteace?e are six in number and are dis-

tributed in four genera, in addition to which a probable Banksia

fruit is retained in Carpolithus. These genera are Palcoodendron,

Protcoides, KnightiopJiyllum and Banksia. The genus Polccodendron,

not mentioned in the preceding paragraphs, w'as proposed by Saporta

for small entire coriaceous leaves from the Sannoisian of southern

France and is an entirely extinct type, sparingly represented in the

Wilcox by a single species. The genus Protcoides was established

by Heer for generalized proteaceous types which are well represented

in the Upper Cretaceous floras of the embayment area as well as

elsewhere. It is represented in the Wilcox by a single well-marked

species confined to the Middle and Upper beds. The genus Knighti-

ophyllum is proposed here for the first time for a well-marked long

petioled, aquiline-toothed, coriaceous form of common occurrence at
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Peryear. It is named from its resemblance to the genus Knightia

R. Brown, a genus of few existing species confined to tlie Australian

region but apparently represented in Europe during the Tertiary as

has already been indicated.

The genus Banksia, with three Wilcox species, two of which are

particularly well marked and a probable fruit, Car'polithus proteoides,

is confined in the existing flora to the Australian region with about

50 species. The other genus of the tribe Banksiese is Dryandra R
Brown also with about 50 existing species confined to the Australian

region. It is much like Banksia in its foliar characters. Both genera

are found in abundance in the European Tertiary and undoubtedly

enjoyed a more or less cosmopolitan range during the early Tertiary.

Their ancestors probably entered the Australian region during the

Upper Cretaceous before that country had become entirely separated

from Asia, becoming adapted to the peculiar soils and climate of

Australia, while the stock in the northern hemisphere appears to have

been unable to stand the climatic changes and Tertiary competition

and thus became extinct.

The Aristolochiales is placed by some students among the Gamo-

petalse. It includes besides the Aristolochiacese, the two parasitic

families, the Raffleisiacese and Hydneracese, altogether containing

about 235 existing species, of which 205 belong to the Aristolochia-

cese, the only family of this order represented in the Wilcox flora.

The genus Aristolochia, to which a typical fruit from the Wilcox is

referred, is found in the American Upper Cretaceous and in both

Europe and America during the Tertiary. There are about 180 ex-

isting species all perennial herbs or climbing vines and widely dis-

tributed in both tropical and temperate regions, about ten species be-

ing found within the United States.

The order Polygonales includes the single family Polygonacese

with about 800 existing species segregated in about 30 genera, widely

distributed. They embrace herbs, shrubs, vines and trees, with

mostly cyclic flowers, and in their morphological features show some

evidences of transition between the previous choripetalous alliances

and the Chenopodiales. The geologic history of the family is prac-

tically unknown and it would seem that a large part of the specific

variation, particularly of the temperate herbaceous forms, was rela-
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tively modern. The family is represented in the Wilcox by the single

genus Coccolobis with two species which appear to be the Eocene

prototypes of the only two existing arborescent species of Polygona-

cese that reach the United States (the sea grape and the pigeon

plum). The genus Coccolobis has about 120 existing species all con-

fined to the American tropics and it w'ould appear that it was of

American origin. These species range from southern Florida to

Mexico, Central America, Brazil and Peru and the majority are

coastal forms. The two modern species which are so much like

these two ancestral forms in the Wilcox, are strand types found

from the Florida keys through the West Indies to the northern coasts

of South America, and the conclusion is almost irresistible that the

Wilcox forms enjoyed a similar range and an identical habitat.

The Chenopodiales ( Centrospermse of Engler) include ten fam-

ilies culminating in the Caryophyllaceae, and containing about 3.500

existing species. They appear illy assorted and show a wide range

in floral and other morphological characters. Perhaps a majority

are modern types. The single family Nyctaginacese represents this

order in the Wilcox.

The Nyctaginacese with about 150 existing species is predomi-

nantly American within the limits of the southern United States on

the north and Chile and Argentina on the south. The genus Pisonia

Plumier, the only genus thus far found in the Wilcox flora, is repre-

sented by three well-marked species. It has about 40 existing spe-

cies chiefly in the American tropics and contains the only arbores-

cent form of the family found within the United States. It has an

extended geologic history, well-marked forms being found in the

European and American Upper Cretaceous. The Wilcox species

were undoubtedly strand types as are so many of the modern species,

wdiich inhabit sea beaches, the shores of salt water lagoons and

marshes, the scrub of beach ridges and the jungle behind them. In

the existing flora it is associated with Pithccolohium, Reynosia,

Metopium, Acacia, Btuiielia, Cordio, Coccolobis, Ocotea, Fagara,

Mimiisops, Conocarpns, Cassia, Eugenia, Anona, Ficus, etc., exactly

as it was during Wilcox time. Species of Pisonia occur in the

Upper Cretaceous of the Atlantic Coastal Plain (Black Creek forma-

tion) as well as in the Aliddle (Claiborne) and Upper (Jackson)

Eocene.
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The order Ranales appears to me to be a highly unnatural

assemblage, which doubtless explains the prolonged discussion and

wide range of opinion regarding its true status. As treated in Eng-

ler and Prantl it includes 16 families with over 4,000 existing spe-

cies. While a distinct calyx and corolla are the prevailing habit

this is combined with such primitive features as apocarpy and hypog-

yny, and by a well marked tendency to indefinite repitition and spiral

arrangement of the floral members. I have removed the Lauraceae

which contain ^4 of the existing species to a place in the more evolved

order Thymeleales.

The Ranales as a whole show no close filiation with previous

alliances. They include forms that are more nearly Monocotyledons

than Dicotyledons (Nymphaeacese) and numerous botanists (c. g.

Wieland, Arber, Hallier) see in them the logical zenith of evolution

of the Mesozoic Cycadophytes and thus as representing the ancestral

stock from which the Angiosperms were descended—apparently a

most remarkable feat, except on paper, when any except floral

features are taken into account.-^

Considering as I do that the Ranalian alliance is a plexus con-

taining unrelated elements, any extended consideration of theSr

geologic history would be fruitless. Certain forms are well repre-

sented among the oldest known display of Angiosperms in the

Middle Cretaceous. Only two Ranalian families are represented in

the Wilcox flora and these two are both natural groups closely re-

lated and typically Ranalian. I refer to the families Magnoliacese

and Anonacese.

The family Magnoliacese comprises about 70 existing species seg-

regated into nine or ten genera, by far the largest of which is the

genus Magnolia with about 21 species of eastern and southern Asia

southern Mexico and the eastern United States. The family is

mainly tropical and the bulk of the existing forms occur in south-

eastern Asia, the magnolias of that region being largely forms of

tropical uplands.

There are numerous apparent anomalies in the distribution of the

recent forms, thus none are native in Europe, although Magnolia per-

25 For discussion of this theory see recent papers by Wieland, Arber and

Parkin, and Hallier.
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sisted in that region as late in geologic time as the early Pleistocene.

Only one genus, Drimys Forster, occurs in South America or Austra-

lasia. There is a singular pairing of forms in southeastern Asia ^nd

southeastern North America. For example Magnolia has 14 species in

the former region and seven in the latter: Talanma Jussieu has 3

species in farther India and one in the West Indies : Liriodendron

Linne has a single species in each : Sciiicandra Alichaux has species

in each : IlHcium Linne has five species in the former region and two

in the latter. The general Michelia Linne (13 sp.) and Kadsura Jus-

sieu (7 sp.) are confined to the former region and Zygogynum Bail-

Ion is confined to the island of New Caledonia. The leaves of all are

entire and more or less elliptical with a coriaceous texture, often

evergreen, and with a characteristic camptodrome venation. Of the

seven species of Magnolia found within the limits of the United

States, Magnolia glauca Linne ranges northward to Massachusetts

and Magnolia acuminata Linne to New York and Ontario. About

sixty fossil species have been referred to Magnolia. These are

largely based upon leaves, although characteristic fruits, and in at

least two cases, parts of flowers, have been found at various horizons.

Magnolias are very abundant in both individuals and species in the

Middle Cretaceous (Cenomanian-Turonian) especially in North

America, where they are found along the Cretaceous Atlantic Coast

from Greenland southward to Texas and in equal abundance about

the borders of the advancing interior sea represented by the deposits

known as the Dakota sandstone. They are much less common in

Europe and the genus is either of American or Arctic origin.-*'

The Eocene records include 4 species of the Arctic region and 13

additional forms largely American, but some few European. The

Oligocene, unrepresented in America by plant beds, has several Euro-

pean species toward its close. About eight ^Miocene species are re-

corded, of which the majority are American. The Pliocene, also

practically unrepresented by plant beds in America, has furnished 5

or 6 European species and one is found in the early Pleistocene of

that region. Magnolia seems to have been very abundant along the

2G Magnolia Delgadoi Saporta, Fl. Foss. Port., p. 194, PI. 35, Fig. 5, 1894,

recorded from the Albian of Portugal is almost certainly not a Magnolia.
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shores of the extended Mediterranean sea of the PHocene and to

have subsequently been entirely exterminated in that region by the

glaciation of the Pleistocene, while surviving in both North America

and Asia by reason of the prevailing north and south trend of the

of the mountain ranges. Some of the other genera of the ]\Iagnoli-

acese are represented by scattered fossil species but the record is too

incomplete for generalizations. A survey of all the facts leads me

to consider America as probably the original home of Magnolia and

despite the massing of the existing forms in the eastern United States

and their extension to Arctica in the Eocene, they probably originated

in a warm-temperate or subtropical latitude, spread northward

across Arctica to Eurasia, were cosmopolitan in the Tertiary, becom-

ing restricted to the southeastern parts of Asia and North America

by the aridity accompanying uplift, so well illustrated in the Eocene

and later history of the Rocky Mountain and Great Plains province,

and were finally killed ofif in Europe by the Pleistocene glaciation.

Lesquereux referred two forms from the Wilcox of northern

Mississippi to Magnolia but these both prove to be species of Ter-

minalia as Lesquereux had surmised in his preliminary studies. The

genus Magnolia is, however, represented in the Wilcox by two large-

leafed species, both of which are common to the basal Eocene of the

Rocky Mountain Province. Neither show any close affinity with the

antecedent Upper Cretaceous forms which are so common in the

embayment area of Alabama and northeastward along the Atlantic

Coastal Plain.

The family Anonaceae contains about 700 existing species dis-

tributed among about 48 genera, only two of which are present in

North America. The family is practically confined to the tropics, a

single Australian species and the North American genus Asimina with

6 or y species being the only conspicuously extratropical forms. The

area of maximum representation is southeastern Asia and the adjoin-

ing region of Malaysia, for while only 16 genera are confined to this

region it contains over 350 species, and six additional genera {Mil-

iusa, Uvaria, Polyalthia, Oxymitra, Mclodonmi, and Poporvia) with

a total of over 250 species have the bulk of their species in this area.

Only a single genus is confined to Australia and the bulk of the Aus-
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tralian species are to be regarded as migrants from the preceding

area. There are upwards of loo species and 6 peculiar genera in

tropical Africa ; and America has about 200 species and 10 peculiar

genera. These are all confined to the tropics except for a species of

Anona which reaches the coast of peninsular Florida and for the

genus Asimina with six or seven species of shrubs and small trees of

the south Atlantic and Gulf States. One of these, Asimina triloba

Dunal, is hardy as far north as New York and has the distinction of

growing the farthest distance from the equator of any existing mem-

ber of the family. The fossil record of the Anonacese is very incom-

plete, only the genera, Anona Linne and Asimina Adanson being

known with certainty. Both of these genera are present in the Wil-

cox flora.

The genus Anona has from fifteen to twenty fossil species five of

which are also represented by seeds. The oldest is a species described

from the Dakota sandstone. There is a second species in the late

Cretaceous or Early Eocene of the Rocky ^Mountain province. The

flora of the Wilcox affords a glimpse into the true stage of evolution

of Tertiary floras in that expanded belt of the American equatorial

region which was the center of radiation of so many recent types.

There were three exceedingly well marked species of Anona along

the Wilcox coast and their leaves are very common at some localities

although no seeds have as yet been discovered. I assume that these

Wilcox forms had habits similar to those of the majority of the ex-

isting species, exemplified by our Florida Anona glabra Linne, or

Pond Apple, which frequents shallow fresh water swamps, low shady

hammocks, or stream borders near the coast. Other species occur

in the low coppice association or on edges of brackish swamps on the

Bahamas. The cultivated species, as for example the American

Anona reticulata Linne which is planted in Guam often spreads nat-

urally along the inner beaches, while attempts to introduce others of

the most highly esteemed American species in the Orient have failed.

From its prevalence among the existing species the habit of growing

in wet shaded soils is evidently an old one, and since the Wilcox

Anonas are associated with a strand flora, the assumption that they

grew on the inner beaches or the shaded and more swampy edges of

lagoons, possesses every degree of probability.
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In the pipe-clays of Alum Bay which were contemporaneous with

the Wilcox there are two species of Anona, and Engelhardt has de-

scribed two species from the Eocene or Oligocene of Chili. The

Oligocene record shows a species in France and a second in Saxony.

In the Miocene there are two species each in England, Styria and

Croatia and one each in Bohemia, Colorado and Transylvania. There

is one each in the Pliocene of France and Italy, showing how mod-

ern was their extinction in the south of Europe.

The genus Asimtna has only four or five recorded fossil species.

These are all American except for a form from the Pliocene of Italy

which has been referred to this genus, although I suspect that it rep-

resents Anona, since Asimina appears to have originated and been

confined to the Western Hemisphere. The oldest known species is

based on foliage which is found in the basal Eocene of the Rocky

Mountains (Denver formation) and of the embayment (Midway

Group). There is a single species based on a seed from the basal

Wilcox and no other records except a form close to the modern from

the late Miocene of New Jersey (Bridgeton sandstone) and the oc-

currence of the QxisUng Asimina triloba Dunal in the interglacial beds

of the Don valley in Ontario.

The order Papaverales (Rhoedales of Engler) includes six fami-

lies—Papaveraceje, Cruciferae, Capparidaceae, Resedacese, Tovari-

acese and Moringacese, together containing about 255 genera and

2,200 species. The Papaveracese and Cruciferse are mostly herba-

ceous and widely distributed, largely in the North Temperate zone,

and they are of relative recent evolution. The Resedacese is a small

family largely confined to the Mediterranean region. The Cappari-

dacese, Tovariacese and Moringace?e are mainly tropical, the last two

families consisting respectively of a single genus and two species of

the American tropics and a single genus and three species, one Af ric-

Arabian and two East Indian.

The family Capparidaceze with about 35 genera and 400 existing

species is the only one of the order represented in the Wilcox flora.

A majority of the existing species are herbaceous and they are found

on all the continents in tropical and subtropical regions. Five sub-

families are recognized. Of these the Cleomoideas and Capparidi-
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odese are large and occur on all of the continents, with monotypic

genera in North America (Isomeris), South America (Stubelia

Atamisquea, Bclencita), Africa {Pteropetalum, Cladostemon), and

Australia (Roeperia, Apophyllnm). The subfamily Dipterygioidese

has a single genus with only five or six species of Nubia, Arabia and

the Punjab. The subfamily Roydsioldese includes about a dozen spe-

cies, the genera Roydsia and Stixis being confined to India and the

genus Forchhammeria being Mexican. The subfamily Emblingioi-

dese has only a single genus and species confined to Western Aus-

tralia. No far-reaching conclusions regarding origin or past history

can be deduced from our present knowledge of the geographical dis-

tribution of the Capparidaceae and the fossil record is so imperfect

that very little can be said regarding this history.

The following are the only fossil records known to me : F. von

Miiller has described somewhat uncertainly determined fruits from

the Tertiary of Australia as the genera Dieiine and Plesiocapparis.

The latter has two species and is considered as probably a member

of the section Busbcckia of the genus Capparis. Schenk has de-

scribed the petrified wood of another form from the Tertiary of

Egj'pt under the name Capparidoxylon. The genus Capparis has

furnished a well-marked Wilcox species very close to the existing

Antillean tree Capparis domingensis Sprengel. There are about one

hundred existing species of Capparis, mostly tropical, and although

found in the Eastern Hemisphere the majority occur in the Ameri-

can tropics, especially in Central and South America. The oldest

known fossil forms are two species described by me as species of

Capparites from the Upper Cretaceous of Alabama (Tuscaloosa

formation). In addition to the Wilcox species previously mentioned,

Engelhardt has described a Tertiary species from Bolivia. Many

years ago Unger described a third species from the Middle Miocene

of Styria but Schimper considers the latter to be a papilionaceous

form. While the fossil record of Capparis is so meager such facts

as are available would seem to indicate that it originated in the

American Upper Cretaceous. Very many of the modern forms are

shrubs or small trees of the strand flora and such is believed to have

been the habitat of the Wilcox species.
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The order Resales includes about eighteen famihes-^ with over

fourteen thousand existing species, the largest families being those

of the Leguminosae, and the Rosacea, Saxifragace^e and Crassulacese.

Some members of the alliance are close to the Ranales in their apo-

carpy, hypogyny and the indefinite repetition of certain floral mem-

bers, and the order culminates in the relatively modern Papilionacese.

Five families of Rosales are present in the Wilcox flora. Of these

the three leguminous families are by far the most abundant.

The family Hamamelidacese consists of about nineteen genera

and fifty species. Twelve of the genera are confined to the Asiatic

region. One genus is doubtfully confined to Australia : Three gen-

era are African : and three genera are common to Asia and eastern

North America. The family is remarkable in containing no less

than nine monotypic genera. A consideration of the existing dis-

tribution is not only of exceeding interest but also conclusive proof

of an extended geologic history, which unfortunately has not yet

been unravelled. Since the group is scarcely if at all represented in

the existing flora of Australia or in its fossil flora, its present range

over Asia would seem to have been accomplished after the land con-

nection with Australia had been interrupted. As the only known

Cretaceous fossil forms are from North America there is a prob-

ability that the group had its origin in the North American region.

The fossil species are not numerous enough, however, for definite

conclusions on this point.

The genus HarnaincUs and its generalized fossil type Hamamc-

litcs Saporta have five species in the Dakota sandstone, one of which

occurs in the Atlantic coast Upper Cretaceous (Middendorf beds of

South Carolina) and another is doubtfully represented in the sup-

posed Upper Cretaceous of Argentina (Kurtz). There are two

Paleocene species in France and Belgium, and Conwentz has de-

scribed characteristic flowers preserved in perfection in the Baltic

Amber (Sannoisian) as Hamamclidanthium.

The genus Parrotia, with a single existing species of northern

Persia and the Caucasus, has three species in the Dakota sandstone

:

^'^ The family Platanacese, which by the majority of students is referred

to the Rosales, I regard as the sole survivor of an independent order, the

Platanales, closely related to the Urticales.
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one species in the Wilcox and Fort Union : two in the OHgocene of

Europe: and two in the Pliocene of Spitzbergen, Spain, France,

Silesia, Austria, and Hungary. The distribution of Parrotia in the

past as far as it is known confirms the evidence derived from Ham-

mamelis for a North American origin for the family.

The third genus with a geological history is Liquidambar, in

which upwards of twenty fossil species have been described. The

oldest known forms occur in the Eocene at such widely separated

points as Alaska, Oregon, Greenland and France. There are two

species in the OHgocene of Asia and Europe. There are nine or ten

Miocene species represented throughout Europe and North Amer-

ica (New Jersey to Oregon) and in eastern Asia. Three Pliocene spe-

cies are represented in Spain, France, Italy, Germany, Austria, Styria

and Slavonia. Typical fruits preserved in the Upper Pliocene of Ger-

many show how late the genus flourished in central and southern

Europe. Felix has described the petrified wood of Liquidamharoxylon

from the Tertiary of Hungary. The existing Liquidambar styraci-

flita is found in the Pleistocene of West Virginia, North Carolina

and Alabama and the eastern Asiatic species L. formosana occurs in

the Pleistocene of Japan. The genus Corylopsis also occurs in the

post-Miocene deposits of Japan.

The family Rosacea includes about 90 genera and over 1,300 ex-

isting species, widely distributed and mostly in temperate regions.

Some of the genera like Cratccgus seem to be undergoing saltation

at the present time and hundreds of supposed species have been de-

scribed in the past few years. The tribe Chrysobalanoideae is con-

fined to the tropics and the Neuradoideae to the subtropics of Africa

and southwestern Asia. All of the other tribes of Rosaceae are

widely distributed and their modern and fossil distribution is with-

out especial significance for the present discussion.

The only genus represented in the Wilcox is Chrysohalaniis with

two species that are evidently the prototypes of the still existing

forms. The latter are but two or three in number and as shrubs or

small trees they inhabit the sandy shores in the maritime regions of

Florida, tropical America and western tropical Africa.

The Leguminosse as now segregated into 4 families constitutes
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the largest alliance among the Choripetalae (Archichlamydese), and

next to the Compositse the largest angiospermous group, with over

9,000 existing species segregated among about 450 genera.

There is a well-defined floral progression from the family Mimo-

sacese with its actinomorphic flowers and numerous, usually free, sta-

mens, through the Csesalpiniacese, culminating in the numerically

greatest group the Papilionacese with its strongly zygomorphic flow-

ers and coalescent stamens, comparable with the like culmination in

floral evolution of the Orchidaceae among the Alonocotyledonse.

The Mimosaceae, with about 30 genera and 1,400 existing species,

are massed in the tropics of both hemispheres. None of the sub-

families are confined to a single continent but comparatively few

genera occur in more than two continental areas and half the genera

are restricted to a single continent. Asia and Australia each have

two peculiar genera, Africa has four and America has seven. Amer-

ica also leads in number of species, about half the total of the

family being present in the New World. Australia comes next with

over 300, Africa next with upwards of 300 and Asia last with about

100. In the eastern United States there are only three genera and

five species, none of which are arborescent. In the Gulf States the

numbers have increased to 14 genera and 44 species.

The Csesalpiniacese with about 90 genera and 1,000 species is also

mainly tropical with a massing of forms in the American tropics

where there are over 600 species and 37 peculiar genera, the sub-

family Sclerolobiese being entirely American and containing numer-

ous monotypic genera. Asia and Africa each have about 150 spe-

cies. There are, however, only 10 Asiatic genera as compared with

17 African. There are but three Australian genera and less than

100 species. In the eastern United States there are 5 genera and

eleven species. Three of the genera, Cercis, Glcditsia and Gymno-

cladus are arborescent. In the southern states there are 11 genera

and 44 species.

The Papilionacese have about 320 genera and 6.600 species.

America leads in the number of peculiar genera having 82 while

Asia leads in the number of species with about 1,700. Africa has

47 peculiar genera and about 1,600 species. Australia has 38 pecu-
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liar genera and about i,ooo species. Asia has 33 peculiar genera,

while Europe with 7 peculiar genera and about 700 species is less

rich in both species and genera than any other continent. None of

the subfamilies are confined to a single contintent but some of the

tribes are, the Lipariinse being South African and the Bossiseinse

being Australian, while 20 of the 27 genera and all but 63 of the 436

species of the subfamily Podolyrieae are Australian. Two genera in

this subfamily are American, 2 African, i Asiatic, i Mediterranean

(Eurasia) and i common to North America and Asia.

In the eastern United States there are 46 genera and 194 species

of Papilionacese, the genera Cladrastis and Robinia being arbores-

cent. Un the southern states there are 55 genera and 318 species.

Sargent's " Manual of North American Trees," which includes many

tropical forms of the Florida Keys, enumerates for the Leguminosas

as a whole only 34 arborescent species for North America in 17

genera.

In Grisebach's flora of the British West Indies the Leguminosae

outnumber all other families of flowering plants with 262 species.

The same is true of Urban's flora of Porto Rico w^here they num-

ber 136 species.

The Leguminosse found in the Wilcox deposits number over fifty

species, many of which are individually abundant. They represent

the families Mimosacese, C^esalpiniaceas and Papilionacese, the fourth

family of the leguminous alliance, the Krameriacese, being a small

herbaceous group of the New World of very late, probably of re-

cent, evolution.

Of these fifty-odd Wilcox species eleven are referred to the

Mimosacese, 26 to the Csesalpiniacese and 20 to the Papilionace?e.

Definitely recognized genera are named in the usual way. Forms

usually identified as species of Acacia (as for example most of those

so named by Heer, Ettingshausen, Unger, etc.) which are referable

to the Mimosacese but not to the genus Acacia as commonly under-

stood are referred to the form-genus Mimosites. Forms not cer-

tainly identified as Cccsalpinia but referable to the Csesalpiniace^e are

classed under the form-genus Cccsalpinitcs while a considerable num-

ber of Glcditsia-Wkt forms of both leaves and pods are described in



176 BERRY—LOWER EOCENE FLORA OF [April 25,

the genus GleditsiophyUiim, a form-genus proposed by me in the first

instance for an Upper Cretaceous form from North CaroHna.

There is a certain unavoidable duphcation in the giving of specific

names to unattached pods and leaflets since in some cases they may

belong to the same botanical species. I have followed this method,

however, in all instances where I was not sure of such a relationship.

The Mimosacese of the Wilcox are referred to four genera.

The genus Acacia represented by a single indisputable species in

which the leaves are reduced to phyllodes is of great interest since

in the existing flora the 450 species are largely confined to the Aus-

tralian region. The section Phyllodineae to which the Wilcox species

is referred has about 300 existing species which are confined to Aus-

tralia and Oceanica although in Eocene times they were also present

in Europe. It is a curious commentary on the modern character of

the earlier Tertiary floras that the reduction of foliar organs and the

habit of phyllody, often correlated with modern arid conditions,

should have really been developed in these early floras.

The genus Inga, represented in the Wilcox by four well marked

species, has upwards of 150 species in the existing flora, all of which

are confined to the American tropical and subtropical regions. Its

geological history is for the most part unknown although it appears

to be represented in American Upper Cretaceous floras by Inga cre-

tacea Lesquereux which occurs in the Dakota Sandstone and in the

Tuscaloosa formation of Alabama. Ettingshausen has described a

species from the Cenomanian of Saxony {Inga Cottai) and the

European Miocene has furnished two or three species, while Engel-

hardt has described a Tertiary species from Bolivia.

In the genus Pithecolohhim, which has two Wilcox species and

belongs to the same tribe as Inga (Ingese), while the majority of the

100 or more existing species are American there are over a score in

tropical Asia and a few in tropical Australia and Africa. With the

exception of a Tertiary species from Bolivia I do not know of other

fossil occurrences.

The genus Mimosites, with four Wilcox species, represents trees

of the Mimosa type very abundant in recent species referred to sev-

eral genera which are either American, Asian, Australian or ^African,
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and abundantly represented in European Tertiary floras. Its Cre-

taceous ancestry is hidden among the species of leaflets referred to

the form-genus Lcguuiinosites. The genus Mimosa which is ap-

parently most like the Wilcox Mimosites, has over 300 existing spe-

cies and these are for the most part confined to the warmer parts of

America, although they are represented in Asia, Africa and Aus-

tralia.

Except for the family Lauracese the C?esalpiniacese with ^f> 'spe-

cies is the largest family in the Wilcox flora and it is certainly a fact

of considerable interest that the massing of the modern species in

the American tropics should be foreshadowed by their numerical

abundance on this continent as early as the Lower Eocene.

The Wilcox genera are five in number of which the largest is Cassia

with twelve species. Cassia is the largest Wilcox genus except Ficus,

and all of its species find their modern counterparts in existing species

of tropical and subtropical America, many of which are mentioned by

name in the systematic part of this work. Numerous as are the

Wilcox species of Cassia there was apparently greater specific dififer-

entiation in contemporaneous European deposits since Ettingshausen

records 15 species in the flora of Alum Bay (Ypresian of Isle of

Wight). Cassia has between three and four hundred existing spe-

cies found in the warmer temperate and tropical regions of all the

continents and especially abundant in tropical America. Their place

of origin is unknown since they make their appearance in the Upper

Cretaceous almost simultaneously in New Zealand, Australia, Bo-

hemia, Saxony, Greenland, the Atlantic Coastal Plain and the

Dakota Group of the Rocky Alountain province. Upwards of one

hundred fossil species are already known. Nor does the Eocene

distribution shed any light on the early history of the genus since

species occur in such widely separated regions as North America,

Europe and Australia. There are numerous Oligocene and Pliocene

species, the Oligocene records being confined to Europe and Africa

and the Miocene records being confined to Europe and North Amer-

ica. Cassia was abundant along the shores of the Pliocene [Medi-

terranean of Europe and 4 species are recorded from South American

beds which are thought to be of Pliocene age. Pleistocene species

PROC. AMER. PHIL. SOC, LIII,, 214, L, PRINTED JULY II, I914.
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are recorded from Maryland and the East Indies (Java) associ-

ated in the latter region with Pithecanthropus erectus Dubois. One

fact is certain, the genus has been a part of the American flora since

the dawn of the Upper Cretaceous, and several of the Wilcox species

are the undoubted prototypes of existing forms of the American

tropics.

The genus Cercis, with a single Wilcox species, makes its first

recorded appearance in geological history in the Wilcox species, in

the three species recorded from the Ft. Union deposits of the Rocky

Mountain province and a fourth species found in the Ypresian of

the Paris basin, so that its appearance was practically contempora-

neous in France and Tennessee. It continues on both continents down

to the present being even represented in the Pleistocene of both.

The modern species number five or six and inhabit the warmer tem-

perate regions of America, Europe and Asia.

There is one species of Cccsalpinia in the Wilcox and it is almost

identical in character and habitat with Ccusalpinia bahamcnsis La-

marck of tropical America. The existing species number about two

score of the tropics of both hemispheres. Cccsalpinia is recorded

first from the Upper Cretaceous of the Atlantic Coastal Plain and it

seems probable that it originated on this continent and reached

Europe during the Eocene by way of the Arctic region, since it is

common in the Oligocene, Miocene and Pliocene of the latter

continent.

Four Wilcox species are referred to the form-genus Ccusalpini-

tes. These represent true forms of Cccsalpinia or of allied genera

in this family, one almost certainly representing the genus Parkin-

sonia, a small genus which occurs in the European Oligocene but

which in the existing flora is confined to the warmer parts of North

America and South Africa. Fossil forms referred to Cccsalpini-

tes include about twenty of the European Oligocene and Miocene.

The genus Gleditsiophyllnm makes its appearance in the Upper

Cretaceous of the Carolina region. It is represented by eight species

of leaves, leaflets and pods, often abundantly preserved, in the Wil-

cox deposits. Their relation to modern genera is uncertain, although

they were evidently much like Gleditsia.
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Two genera of Csesalpiniacese which I confidently expected to

find in the Wilcox and which must have been present during this

time in southeastern North America are Hymencua and Bauhinia.

The former is confined to the American tropics in the existing flora

where it has about eight species. It is represented by characteristic

forms in the Upper Cretaceous of Alabama. The genus Bauhinia

which has about 150 existing species of the tropics of both hemi-

spheres has several especially characteristic forms in the Upper Cre-

taceous of southeastern North America (New Jersey, Maryland,

Alabama).

The family Papilionacese which comprises over two thirds of the

existing Leguminosae undoubtedly represents the culmination of

evolution in the alliance. The bulk of the family, especially the

numerous herbaceous genera, are unquestionably of comparatively

recent origin. In spite of this fact the family has twenty species

in the Wilcox. These are distributed among six genera, of which

Dalbergitcs, Carpolithus and Leguminosites are form-genera, while

the other three are still existing. The largest genus is Sophora with

seven species, one of which, evidently a strand type similar to and

comparable in habitat with the cosmopolitan strand plant Sophora

tomentosa Linne of the existing tropical flora, is very abundant in

the Wilcox deposits. There are about 25 existing species of shrubs

and small trees referred to this genus. They are scattered over the

warmer parts of both hemispheres and are found on all tropical sea-

shores. About a dozen fossil species are known. In addition to

North America they are found in both Europe and Asia during the

Eocene, a single form from Alum Bay (Ypresian) being contem-

poraneous with the Wilcox species and the others being later. While

few species have been described the genus is widely distributed in

the European Miocene where Sophora enropcca Unger was a com-

mon coastal form of the Mediterranean region throughout the ]\Iio-

cene and into the Pliocene.

Four species, three based on leaflets and the fourth on a charac-

teristic pod, represent the genus Dalbcrgia in the Wilcox flora. Two
additional species whose generic relations are not so certain are re-

ferred to the genus Dalbergites. The existing species of Dalbcrgia



180 BERRY—LOWER EOCENE FLORA OF [April 25.

number about eighty forms found in the tropics of both hemispheres,

and all show a strong generic similarity -in their foliar characters.

Over two-score fossil forms are known. The earliest of these occur

in the Atlantic Coastal Plain and western Greenland so that there is

a strong possibility that the genus was of American origin. If this

theory was correct they must have undergone a rapid radiation since

in the Eocene they are not only found in America and the Arctic

but in Europe and Australia. The Alum Bay beds of the Isle of

Wight ( Ypresian) which I regard as contemporaneous, in part at least,

with the Wilcox, contain according to Ettingshausen, six species of

Dalbergia. European deposits furnish about a dozen Oligocene spe-

cies and still more numerous Miocene species. Dalbergia primceva

Unger, D. rctusccfolia Heer, D. hcrringiana Ettingshausen and D.

Bella Heer are widespread coastal forms of the European Tertiary,

some of them ranging from the late Oligocene through the Miocene

and into the Pliocene.

The genus Canavalia is represented in the Wilcox by a fine spe-

cies undoubtedly ancestral to the existing Canavalia obtnsifolia

(Lamarck) De Candolle, a widely distributed tropical strand plant.

A second species is less commonly represented and not as certainly

identified. The genus contains about a dozen existing species of the

tropics of both hemispheres but has not been heretofore found in

the fossil state.

The Wilcox forms referred to Leguminosites cannot be dealt

with satisfactorily since they represent pods and leaflets of this alli-

ance whose generic relations are uncertain. The form-genus was

proposed first by Bowerbank for the pyritized remains from the

Island of Sheppey (London Clay), and two of his species are tenta-

tively identified in the Wilcox. Subsequently many species have

been described. They range in age from the Middle Cretaceous to

the Pliocene. Saporta describes the oldest form in the Albian of

Portugal. They are present in the Cretaceous of Australia, the

Cenomanian of Saxony, the Atane and Patoot beds of Greenland,

and the Atlantic Coastal Plain Cretaceous from Marthas Vineyard

to Alabama. They are common in the Arctic Eocene, occurring

also in Australia, America, Europe and Asia. Oligocene records in-
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elude Europe and Antarctica, Aliocene records are confined to Amer-

ica and Europe and Pliocene records include southern Europe and

Japan.

While the foregoing analysis leaves a great many points in the

history of the Leguminosse unsolved it serves at least to show that

the Wilcox forms are all represented and would find a congenial

habitat in the present day American tropics and that thus early some

of the main features of their present day development had been

differentiated.

The most similar fossil display of these forms is to be found in

the Ypresian flora of Alum Bay on the Isle of Wight, which un-

fortunately have never been described or figured, but of which

Ettingshausen-* published an analysis and enumeration in 1880.

Another very similar display of forms is that described by Engel-

hardt from the Tertiary of Cerro de Potosi in Bolivia.-" The exact

age of the latter has never been determined although its resemblance

to this part of the Wilcox flora suggests the possibility that it is

Eocene instead of Pliocene, which later has been assumed to be its

age. This may, however, simply be a reflection of the similarity

between the Leguminosre of the Embayment area in the Lower

Eocene and those of subsequent periods in the American tropics.

The order Geraniales includes 21 families, with upwards of

ten thousand existing species, of which nearly one half belong to the

family Euphorbiacese. The other large families in the order of their

size are the Rutacese, Meliaceee, Alalpighiaceae, and Polygalaceae

each with over five hundred existing species, while the Geraniacese,

Oxalidaceas, and Burseracese each have over three hundred existing

species. The alliance is mainly cyclic in the character of its floral

members, starting with isocarpic forms and progressing in the direc-

tion of reduction in the number of carpels. The phylogenetic im-

portance of the characters by which the Geraniales as an order is

separated from the evidently allied Sapindales is not great and in

some respects the order is apparently not a natural one. Six fam-

ilies of Geraniales have been recognized in the Wilcox flora. The

28 Ettingshausen, Proc. Roy. Soc. Loud., Vol. 30, 1880, pp. 228-236.
29 Engelhardt, Sitz. naturunss. GescU. Isis in Dresden, 1887, Abh. 5, pp.

36-38, 7 Figs. ; Ibid., 1894, Abh. i, pp. 3-13, Pi. i.
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first of these, the Rutacese, consists of about iii genera and over

900 existing species widely distributed over the warm temperate and

tropical regions of the earth. The fruits are capsules, samaras or

drupes and the leaves which may be simple or compound are usu-

ally glandular punctate. While there are 34 genera with 127 species

confined to America the family makes its greatest display in the Old

World, Africa having 16 peculiar genera with 196 species and Aus-

tralia 28 peculiar genera with 185 species. In addition to 6 genera

with 7 species confined to the Asiatic Mainland there are 19 genera

with 167 species found distributed from southeastern Asia through

Malaysia greater or less distances, in some cases to New Zealand

and Polynesia. The only truly cosmopolitan genus is Fagara with

upwards of 150 existing species and represented in all tropical

countries. The tribe Boroniese with 18 genera and 158 species is

confined to i\ustralia and New Zealand; the Diosinese with 11 genera

and 181 species is confined to South Africa; and the Cuspariese with

16 genera and 83 species is confined to tropical America. All of the

other rather numerous tribes are represented in more than one con-

tinental region.

The family contains the remarkable number of 42 monotypic

genera and while many of these may be regarded as of recent evolu-

tion, as for example a number of those of Australia, the isolated

occurrences of many of the others indicates that they are of great

age and once occupied intervening areas.

There are only twelve known fossil genera, or only about 10 per

cent, of the existing genera, so that little can be said of the fossil

history of the family. The oldest genus is CitropJiyUum Berry rep-

resented by very characteristic leaves with alate petioles found in

the Dakota sandstone of the Rocky Mountain province and from

New Jersey to Alabama along the Atlantic coast in the Raritan, Mag-

othy, Middendorf and Tuscaloosa formations. There is a second

species of Citrophyllum in the Wilcox and a third in the overlying

Claiborne. These forms are very similar to the leaves of recent

members of the Aurantioideae and undoubtedly represent ancestral

forms. The genus Dictamniis Linne with a single existing species

widely distributed in Eurasia, has furnished a fossil form in the

Pliocene of France and a second in the Pleistocene of Japan. Unge
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in 1850 described petrified wood from the Aquitanian of Greece as

Klippstcinia mednUaris referring it to the Aurantioide?e.

The genus Amyris (P. Browne) Linne has about a dozen exist-

ing species in the Antilles and Central America, two of which reach

the coast of southern Florida. A fossil form is recorded by Unger

from the late Miocene (Sarmatian) of Hungary. This determi-

nation is not conclusive however although Unger had both the leaves

and fruit of Protamyris hcrenices. Unger also described the sup-

posed ancestral genus Protauiyris to which he referred four species

from the Aquitanian of Kumi and the Miocene of Croatia. These

are not especially convincing and both Ettingshausen and Schenk

consider Protamyris radohojana Unger to represent a species of

Cedrela.

The genus Xanthoxyhim Linne with nine or ten existing species

of eastern Asia and North America has been a favorite receptacle

for fossil forms of Rutaceae. About a score of species have been

described, the oldest coming from the basal Eocene of New Mexico

(Raton formation) while a second Eocene species is recorded from

the Bartonian of France. Engelhardt has described two Eocene or

Oligocene species from Chili. There are four Oligocene species,

two in France and two in Prussia. There are about thirteen Mio-.

cene species, widely distributed and represented in California, Colo-

rado, Spain, France, Switzerland, Baden, Bohemia, Croatia and Hun-

gary. The two Pliocene species represent France and Asia Minor

and one of the recent species is found in the Pleistocene of Japan.

It seems probable that XantJioxylum was derived from Fagara

through a loss of the floral calyx and by adaptation to less tropical

climatic conditions.

The genus Fagara Linne is substituted for Xanthoxyhim by many

recent systematists, although I prefer to consider it as the ancestral

stock and in the older sense as including the 150 cosmopolitan trop-

ical species while XantJwxyluin includes the extratropical forms of

Asia and North America. Undoubtedly several if not all of the

fossil forms described as species of XantJioxylum are more properly

referred to Fagara although none have heretofore been described

under this name. The Tertiary flora of southeastern North America

contains several very characteristic forms of this genus. The oldest
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are three species from the Wilcox Group. There is another in the

overlying Claiborne Group. The Vicksburg Group has furnished a

very common form with several well-marked varieties some of the

leaves of which show their glandular punctate character beautifully

preserved. Still another form is found in the Apalachicola Group

of Florida.

The genus Ruta Linne with upwards of 100 existing species

mostly of Eurasia although present in Africa and South America,

has furnished Menzel (1913) with characteristic capsules in the

Aquitanian of Rhenish Prussia.

The genus Phellodendron Rupr. with two existing Asiatic spe-

cies is represented in the Acjuitanian of Rhenish Prussia by fruits

(drupe). Engelhardt has described species of Ticorca, Pilocarpus

and Erythrochyton from the early Tertiary of Chili.

The remaining genus with fossil representation is Ptelea Linne

which has 7 or 8 existing species^" confined to the United States and

Mexico. The fossil forms are represented by both leaves and char-

acteristic fruits. The oldest comes from the Arctic Eocene. There

is a species in the Oligocene of Italy and six Miocene species, occur-

ing in Colorado, France, Switzerland, Carniola and Hungary. A
Pliocene species is recorded from Italy. Obviously the record will

have to become much less fragmentary before any creditable conclu-

sions can be drawn respecting the place of origin and geologic his-

tory of the Rutacese.

The family Simarubacese (often spelled Simaroubacese) in-

cludes about 28 genera and upwards of 150 existing species of

shrubs or trees with pinnate leaves and drupaceous fruits, con-

fined chiefly to the tropics and the warmer parts of the north-

ern hemisphere. Only three of the existing species reach as far

northward as the coast of southern Florida. The family is still rep-

resented on all the continents except Europe. Two genera with

four species are confined to Asia
; 3 genera with 4 species are con-

fined to Australia
; 4 genera with 6 species are confined to

Africa and 9 genera with 71 species are confined to America.

The most widespread species is the monotypic Suriana maritiuia

Linne a cosmopolitan tropical strand plant occurring on the dunes,

keys arid coastal hammocks of southern Florida.

30 Greene has recently described very many poorly established new species.
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The only genus represented in the Wilcox is Simarnha Aublet,

which has furnished a single species, Simaruba cocenica Berry,

closely resembling the existing Simarnha glauca De Candolle which

is found along tropical coasts from southern Florida to Brazil.

The only other genus with a geological history is Ailanthus Desf.

which has 7 existing species of eastern Asia and the East Indies. ^^

The fossil species number about fifteen. There are two in the

Eocene of Wyoming and Oregon ; eight in the Oligocene of France,

Alsace, Styria and Prussia ; and five in the Miocene of France,

Switzerland, Baden, Italy and Colorado. While in the absence of

collateral evidence that the Eocene occurrences in North America

have any significance regarding the origin of the genus it is an in-

teresting speculation that the genus originated in North America

and subsequently reached Asia by way of the Eocene land connec-

tion across Behring straits. Certainly the genus lingered on this con-

tinent, as is evidenced by its presence at Florissant, as late as the

Middle Miocene.

The family ^Meliacese contains about 42 genera and about 680

existing species of shrubs and trees with pinnate leaves. The vast

majority are found within 30 degrees of the equator although they

reach 40° north in eastern Asia and 40° south in New Zealand.

Moreover the China berry (MeMa azcdaracli) has been cultivated

from time immemorial in all Mediterranean countries, and through-

out the southeastern United States since its settlement, and is per-

fectly hardy. There are no temperate outliers however. While the

Aleliacese occupy a greater continuous area in South America where

over 41 per cent, of the existing species occur, this large number of

species (about 285) represent only 19 per cent, of the known genera.

There are some remarkable similarities between the species of the

American tropics and those of W'est Africa. Thus the two small

genera Szvietenia and Carapa are represented in both areas and

Carapa procera is even said to be common to the two. Moreover the

genus Guarca which has about 80 species in the American tropics has

three in West Africa. The larger number of genera are found in

the S. E. Asiatic region and the number of genera and their mutual

^"^ AlianthophyUiim Dawson with a single species is described from the

Eocene (?) of British Columbia.
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affinities decrease from Asia toward Africa and also through Poly-

nesia. A number of genera (Toona, Xylocarpus, Cipadessa, Melia)

extend from Africa through Asia to Malaysia. Two genera are

peculiar to Australia (Synoum^ Oivenia) and two to Polynesia {Va-

vea, Meliadelpga). There are thirteen monotypic genera of which

six are African and seven Asiatic. From the distribution of the

existing species De Candolle^- infers that southern Asia is the center

of radiation of the family. I am inclined to think however that the

reverse is probably true since the oldest known forms, except the

entirely doubtful Cedrelospermites of Saporta from the Valanginian

of Portugal, are American, and the widespread existing American

representation of the family seems to comprise the specifically mul-

tiplied descendents of the original stock already represented in the

Wilcox flora.

The Asiatic genera would represent immigrants into that area or

forms evolved there. The Polynesian and Australian forms are

much localized derivatives of the Indian stock and unless the peculiar

species of New Caledonia could not reach that region except by a

land connection it may be inferred that this Asiatic radiation was

relatively recent.

The fossil species are unfortunately few in number. So far as

I know the only fossil species of Carapa is that found in the Wilcox.

Its occurrence in the early Eocene is at least a factor in explaining its

present distribution in both the American and West African tropics.

The fact that Carapa procera is common to these two areas may sug-

gest that all of the African species are recent immigrants, but it is

more probable that there are unrecognized specific differences in this

form in the two areas and that the present disconnected distribution

is an example of survivors from the early Tertiary radiation. An-

other genus with a modern distribution like Carapa is the genus

Moschoxylon Jussieu (made a section of TricJiilia Linne by Harms

in Engler and Prantl) which has about 60 species of tropical Amer-

ica and West Africa. This has furnished two fossil species de-

scribed by Engelhardt from the early Tertiary (Eocene or Oligo-

cene) of Chili. The genus Ccdrcla, sometimes made the type of an

32 De Candolle, C. de, " On the Geographical Distribution of the Melia-

cese," Trans. Linn. Soc. Lond., 2 ser., Bot., Vol. i, 1880, pp. 233-236, PI. 30, 31.
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independent family, the Cedrelaceae, has four Wilcox species, Eocene

prototypes of existing American species. This genus with 9 or 10

species is confined to America in the existing flora and is only known

outside this area in two species from the ]\Iiocene of Croatia which

Unger referred to Cedrela and an undescribed Cedrela recorded by

Ettingshausen from the Ypresian of the south of England. Saporta

has, however, recorded six species of Ccdrelospermiim from the San-

noisian of southeastern France. The fossil record of these three

genera Carapa, Moschoxylon and Cedrela, brief as it is, shows clearly

that the Meliacese are not a modern element in the flora of the Amer-

ican tropics but one that was already well differentiated in the early

Tertiary.

The remaining fossil references to this family comprise Meliacecc-

carpiim based on capsules from the Aquitanian of Prussia which

Menzel their describer compares with those of the genera Dysoxy-

liini and Guarea. F. von Miiller has described Rhytidotheca and

Pleioclimis, two supposed meliaceous genera based on fruits, from

the Pliocene of Australia.

The family Humiriace?e is a small one, comprising only three

genera and a score of species of shrubs and small trees all of which

are confined to the American tropics except a single species found in

tropical West Africa, a distribution suggesting a history comparable

with that just suggested for Carapa, Moschoxylon and Cedrela. The

only known fossil species is one from the Wilcox very close to the

existing Vantanea panicidata Urban of northern South America.

The family jMalpighiacese, confined to tropical and subtropical

countries, contains about 55 genera and 650 existing species, many of

which are scandent, including some of the finest lianas of the tropics

with stems 2 dcm. in diameter. Others are shrubs and trees. The

leaves are opposite and simple and the fruits drupaceous, capsular,

or nutlike, and often winged. The only species that reaches the

United States is Byrsonima lucida (Swartz) De Candolle, a small

evergreen tree of the Florida keys.

The family is predominantly American in its distribution, over

67 per cent, of both genera and species being confined to the West-

ern Hemisphere (37 genera and 440 species). The genera are all

local in the sense that none occur in more than one continental area.
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Of the two subfamilies into which the family is divided—the Pyra-

midotorae and Planirotse, the latter with two tribes Galphimieee and

Malphighiese are entirely American. Of the three tribes into which

the Pyramidotorse is divided the Tricomariese are entirely American,

the Hirseese have 3 genera and 23 species confined to Asia, 3 genera

and 12 species confined to Africa, a genus with 12 species ranging

from Malayasia to Australia, and 9 genera with 151 species confined

to America. The remaining tribe, the Banisterieae, has a monotypic

genus in Asia, 2 genera and 15 species in Africa, a single genus with

7 species ranging from the East Indies to Australia and 11 genera

with 247 species confined to America.

There are 21 monotypic genera distributed as follows: Micro-

steira confined to Madagascar : Flahellaria confined to Africa : Cau-

cawf/jw5 confined to Arabia : Brachyloplion confined to farther India:

Mesia, Diplopteris, Lophopteris, Clonodia, Coleostachys, Blepharan-

dra, Lophanthera^ Verrucalaria, Pterandra, Acmanthera, Diacidia,

and Glandonia confined to Brazil, Guiana and Venezuela: Henleo-

phytnm confined to Cuba: Lasiocarpiis and Echinopteris confined to

Mexico: and Tricomaria and Mionandra confined to Argentina.

Monotypic genera in general are susceptible of two interpreta-

tions, i. e., they represent either the last survivors of a long line as in

the case of the Ginkgo, Sassafras, etc., or they represent relatively

recent specializations. In the case of the foregoing monotypic

genera it seems probable that the majority are the result of relatively

recent evolution since there is nothing in their character or distribu-

tion to suggest any extended geologic history and none have been

found in fossil floras.

The fossil record is most incomplete. No forms are known

from the Upper Cretaceous for although Ettingshausen recorded a

species of Malpighiastriim and one of Banisteriophyllum from the

Upper Cretaceous of Australia, those identifications are open to the

most serious cjuestion and I do not consider them of any weight in a

discussion of this kind. The family is certainly represented in the

lower Eocene by five species of Malpighiastrum, Hircca and Banis-

teria in the Ypresian of the south of England and by five species of

Hircra and Banistcria in the Wilcox flora, based upon both leaves and

characteristic fruits. There are also doubtful species of Malpigliias-
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trum and Banisteriophylhim described from the Eocene of Australia

by Ettingshausen. Thus there is no direct geologic evidence of the

place of origin of the family. The fact that it is so predominantly

American at the present time and that only two genera have reached

Australia from the East Indian region and that two of the American

genera appear in the northward extension of the early Eocene flora

of the American tropics during the Wilcox and are as ancient as any

certain records of the family anywhere, renders the conclusion that

the family originated in equatorial America an extremely probable

one. With the exception of the Wilcox records enumerated above

nearly all of the fossil records relate to Europe, and these may be

briefly enumerated.

The genus Malpighiastrum of Unger has about 30 recorded spe-

cies. These include the doubtful Upper Cretaceous and Eocene spe-

cies previously mentioned as recorded by Ettingshausen from east-

ern Australia; 3 Ypresian species from the south of England; eight

Oligocene species in France, Italy, Dalmatia, Styria and Transyl-

vania; about 15 Aliocene species in Italy, Prussia, Bohemia, Croatia

and Transylvania; and two Pliocene species in Italy.

The genus Heteropteris Jussieu, with about 90 existing species

ranging from Mexico and the Antilles to Bolivia and Brazil, has a

late Oligocene species in Transylvania and two Miocene species in

Styria and Croatia.

The genus Hircca Jacq., with about 25 existing species ranging

from ]\Iexico and the Antilles to Peru, has furnished about ten fossil

species, based for the most part on the winged fruits. There is a

species in the Ypresian of southern England and a characteristic

fruit in the Wilcox; four Oligocene species in the Tyrol, Styria and

Transylvania ; three Miocene species in Baden, Styria and Transyl-

vania ; and a Pliocene species in Brazil.

The genus Tetrapteris Cav., with about 60 existing species rang-

ing from the West Indies and ^Mexico to southern Brazil and Bolivia,

has furnished a fossil species in the Oligocene of Styria and three

Miocene species in Bohemia, Styria and Croatia.

The genus Stigmatophyllon Jussieu, with about 45 existing spe-

cies found in the Bahamas and Antilles and along the east coast of

America from Mexico to Uruguay, has furnished Saporta with a
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somewhat doubtful form from the Upper Oligocene of France.

Similarly the genus Byrsonima L. C. Rich., with 90 existing species

ranging from the Bahamas and Mexico to southern Brazil and

Bolivia has been recorded by Massalongo from the early Pliocene of

Italy, but the identification is extremely doubtful.

The genus Banisteria Linne contains about 70 existing species

of climbing or scrambling shrubs ranging from the West Indies

throughout tropical South America. It is represented by four spe-

cies based upon both leaves and fruits in the Wilcox ; there is a

Ypresian species in the south of England ; four Oligocene species

in France, the Tyrol, Alsace and Styria ; and four Miocene species

in France, Switzerland and Croatia.

The genus Banisteriophyllum Ettingshausen with a single Upper

Cretaceous and an Eocene species in eastern Australia I regard as of

very doubtful affinities. Schenk also states that wood of a malpighi-

aceous type occurs among the silicified woods from the Oligocene

of the Island of Antigua.

The family Euphorbiacese is sometimes made the type of a dis-

tinct order, the Euphorbiales, although the significance of the char-

acters by which it is segregated from the Geraniales is not obvious.

It is an exceedingly large alliance with about 220 genera and 4,000

existing species (Pax, 1890) of herbs, shrubs and trees, widely dis-

tributed throughout the tropical and temperate zones. The genus

Euphorbia with over 700 species is perhaps the most widely distrib-

uted genus in the family. A very large number of the recent species,

particularly those of xerophytic character so closely simulating the

Cactacese, are of relatively recent evolution.

In such a multiplicity of existing genera and species any effort to

trace the larger features of distribution would occupy more space

than it is worth in the present connection. Four arborescent genera

with five species reach the United States in the Florida region, and

several additional are naturalized in that area. A considerable, but

relatively insignificant, number are recorded during the Upper Cre-

taceous and Tertiary. The fossil records will, however, have to be

greatly increased before they can be said to shed any definite light

on the geological history of the family. Enough is now known.
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however, to abrogate the statement made by Schenk^^ and quoted by

Pax^^ that there is no certain evidence of the existence of the Euphor-

biacese during the Tertiary. The following genera have been re-

corded as represented in the fossil state.

Euphorbia with a single species based upon a fruit described by

Heer from the Swiss Miocene ; Eiiphorbioides based on an inflores-

cence described by Wessel and Weber from the Aquitanian of Rhen-

ish Prussia ; the genus EtiphorbiophyUum with several species to be

noted presently ; I have described a very characteristic species of

Manihotites from the Upper Cretaceous of Georgia; the genus Cro-

tonophylhmi has several Upper Cretaceous and Eocene species

;

Cluytia is reported from the Eocene of the Isle of Wight and the

Oligocene of Saxony and Rhenish Prussia ; the following genera

each with a single species were identified by Ettingshausen from the

Miocene of Bohemia, i. e., Adenopcltis, Baloghia^ Omalanthus and

Phyllanthus. Conwenz has described a euphorbiaceous flower from

the Baltic Amber (Sannoisian) as Antidesma maximozuncsii and

Felix has described petrified wood from the Tertiary of the U. S. of

Columbia as Euphorbioxylon. Hura-Wko. fruits are also recorded

by Knowlton from the lower Eocene (Raton formation) of New
Mexico. Engelhardt has recorded species of Omphalea Linne, Tet-

raplandra Baillon and Mallotiis Lour., from the early Tertiary of

Chili.

While difference of opinion regarding the determination of some

of these records is justifiable I regard Manihotites, Euphorbiophyl-

lum, Crotonophylliim and Euphorbioxylon as definite evidence of the

existence of the Euphorbiaceae during the Upper Cretaceous and

Tertiary.

The Wilcox species are five in number and are referred to the

genera Crotonophylliim, Euphorbiaphyllum and Drypctes. The

genus Crotonophyllnm was proposed by Velenovsky for a well-

marked species from the Cenomanian of Bohemia. I have described

a second species from the Upper Cretaceous of South Carolina. Two
species are recognized in the Wilcox and of these Crotonophyllum

33 Schenk, " Palseophytologie," pp. 594-597, 1890.

34 Pax, in Engler and Prantl's " Naturlichen Pflanzenfamilien," 1890.
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eocenicum Berry may be successfully compared with a number of

the six hundred existing species of Croton which is so abundantly

represented in tropical America. Comparisons are especially close

with Croton elnteria (Linne) Bennett which is found in the low cop-

pice of the beach ridges throughout the Bahama islands.

The genus Enphorbiophyllum was proposed by Ettingshausen in

1853 for several species from the Sannoisian of the Tyrol. Al-

together over a dozen species have been described by Ettingshausen,

Saporta and Engelhardt. These have been compared with the ex-

isting, mostly tropical American, species of Styloceras, Sapium, Stil-

lingia, Adenopeltis, Exoecaria, CoUlquaja, etc. The oldest comes

from the Cenomanian of Portugal and a second Upper Cretaceous

species occurs in theTuronian of southern France. In the Eocene there

is a species in West Greenland, a second on the Island of Sheppey

(Ypresian) and a third in the Paris basin (Lutetian). Five Oligo-

cene species have been described from the Sannoisian of the Tyrol,

and a sixth from the Chattian of northern Bohemia. There are two

Miocene species in Switzerland and two in Styria : a Pliocene species

is described by Krasser from Brazil. A single small-leafed species

of Euphorhiophylhim is of rare occurrence in the middle Wilcox.

The genus Drypetes Vahl. has about a dozen existing species con-

fined to tropical and subtropical America. Three extend southward

to northern Brazil and two range northward to the Florida keys.

There are two well-marked species in the Wilcox flora—one an

Eocene prototype of the existing Drypetes keyensis Urban, and the

other of the existing Drypetes lateriflora (Swartz) Urban, both small

trees of the coastal flora of southern peninsular Florida, the Bahamas.

West Indies and Antilles. The genus, which has not previously been

recorded in the fossil state, was probably of American origin and

there is no evidence that it ever spread to the eastern hemisphere.

The order Sapindales, sometimes called the Celastrales, includes

some twenty families, together containing about 3,200 species, the

largest families in the order of their size being the Sapindaceze which

has more than twice as many species as any of the others ; the Celas-

tracese, Anacardiacese, Balsaminacese, and Ilicacese. As in the pre-

ceding order, the Sapindales start with isocarpic forms and pass to
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those in which the carpels are reduced in number, and in tlie more

evolved families the flowers have become zygomorphic. Since there

are several distinct lines of development and the separation from the

Geraniales is based on characters that seem trivial, it seems probable

that the families comprising these two orders as at present under-

stood represent a plexus of forms whose filiations are not yet

understood.

The first family of the Sapindales that is represented in the

Wilcox flora is the Anacardiaceje, an exceedingly natural group. It

contains about 58 existing genera and 435 species of shrubs and trees

with round pithy branches, resinous and frequently toxic juice,

alternate, simple, palmate or pinnate, exstipulate leaves, and dru-

paceous fruits with exalbuminous seeds. The Anacardiaceas makes

its greatest, display in the tropics and subtropics of both hemispheres

but in the existing flora is especially characteristic of the Malaysian

region. Rhus is by far the largest genus and the only one of the

family found in the extra tropical regions of both the northern and

southern hemispheres. The present geographical distribution shows

many anomalies throughout the family. Thus the genus Campo-

sperma Thwaites has eight species in Madagascar, Ceylon, Sumatra,

Borneo and the Alalaccas and a single species in northern Brazil.

The genus Sorindeia Thouars of tropical Africa and Madagascar is

most closely allied to the genus Mauria Kunth of the Andes of South

America. The genus Calesium Adanson has 13 species in tropical

Africa and one in the East Indies. The Eurasian genus Pistacia

Linne has a single species in Mexico. The genus Thyrsodinm Ben-

tham has 4 species in the Amazon region of South America and one in

tropical West Africa. The subfamily Alangiferse with about 80

species is entirely Malaysian except for a species of Gliita Linne in

Madagascar and the genus Anacardium Linne which is confined to

tropical South America, chiefly in Brazil. The subfamily Spondiese

is found in the tropics of all the continents, excepting Europe. The

subfamily Rhoidese is found on all the continents and shows a pairing

of a considerable number of genera in equatorial Africa and America.

The two remaining subfamilies, the Semecarpeae and the Dobineese

are restricted to the region extending from India to Australia. The

PROC. AMER. PHIL. SOC, LIII, 214, M, PRINTED JULY I3, I914.
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family contains twenty monotypic genera distributed as follows

:

Asia 5, Australia 3, Africa 6, Madagascar 3, North America 2, and

South America i.

The fossil records of the Anacardiacese are very incomplete

although there seems to be no doubt that it was represented in both

Europe and North America as far back as the Upper Cretaceous.

As in the existing flora the most abundant genus in the fossil record

is Rhus to which over one hundred species have been referred. Eight

of these are Upper Cretaceous forms the oldest coming from North

American strata correlated with the Cenomanian (Raritan, Dakota).

The genus appears in Europe in the Turonian of Bohemia. There

are over a dozen Eocene species of Rhus, widely scattered. Thus

there are three in the Ypresian of Alum Bay, four in West Green-

land and North American species in the Lance, Kenai, Ft. Union and

Green River formations. The genus doubles its known species in the

early Oligocene, being especially well represented in southern France,

but also recorded from the Tyrol, the Baltic amber, Italy, Carniola

and Styria.

In the Miocene Rhus seems to have been as abundant, as well

differentiated, and as widely distributed as it is in the existing flora,

for over sixty fossil species have already been described. The

records embrace all European countries where Miocene plants have

been found as well as Iceland and the following North American

localities :—Maryland, Virginia, Colorado, Yellowstone Park, Idaho,

Nevada, Oregon and California. Only a small number of Pliocene

species are known and these are recorded in Spain, France, Italy,

Germany and Slavonia.

Three Pleistocene species are recorded, 2 from Japan and one

from China, all closely related to still existing species of that region.

Engler^'' some years ago reviewed the geological records of Rhus

and concluded that most of the then known fossil species belonged to

the section Trichocarpge (in the existing flora with over a score of

species mostly confined to North America and eastern Asia), or the

section Gerontogeas (with 75 existing species mostly confined to

South Africa). A few fossil forms he considered as representing

the section Venenatre, which has about 14 existing species in North

35 Engler, A., Bot. Jahrb., Bd. i, i88r, pp. 413-419.
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and South America. The other sections into which the genus is sub-

divided were not recognized among the fossil forms.

The alHed genus Cotimis with two or three existing species in

Eurasia and North America is probably represented by some of the

fossil forms referred to Rhus, e. g., Saporta considers Rhus aiiti-

lopum Unger from the Aquitanian of Kumi as a species of Cotinits.

This author has also described Cotinits palcuocotinus^ and Cockerell

has described Cotinus fratcrna from the Miocene of Florissant,

Colorado.

The genus Pistacia with five existing Mediterannean species and

one each in eastern Asia and iNIexico has about fifteen known fossil

species the oldest, of doubtful value, coming from the Raritan of

Staten Island. A second Cretaceous species is found in the Laramie

of Colorado. Europe enters the record with a Ypresian species from

Alum Bay. There are three Oligocene species in France and seven

Miocene species in France, Bohemia, Styria, Galicia, and Transyl-

vania. There is a Pliocene species in Styria, an extinct Pleistocene

species on the Island of Madeira, and the existing Pistacia lentiscus

Linne in the Pleistocene of the Island of Santorin.

The genus Anacardites Saporta (Anacardiophyllum) has been

used as a form-genus for fossil Anacardiacese of uncertain generic

relationship. As used by Saporta it represented fossil forms resem-

bling existing species of Mangifera, Anafhrenium, Spondias, Como-

cladia, Holigarna, etc., but not determinable with certainty. Heer

has described a supposed species of Anacardites from the Atane

beds of West Greenland. There are two species in the Sparnacian

and one in the Ypresian of France and seven well marked species in

the Wilcox. There are two or three Oligocene species in France

and Germany and two or three Miocene species in France and

Styria. Felix has described petrified wood from the Eocene of the

Caucasus which he refers to Anacardioxylon, a type also repre-

sented in the Oligocene of Antigua in the American tropics (species

compared with existing genus Spondias).

The floral genus Heterocalyx Saporta (Trilobinm Saporta, Ela-

phriiim Unger, Getonia Unger) which occurs at a number of horizons

in the Oligocene of France, Croatia, and Styria is represented by a

second species in the Wilcox. Saporta compared it with the South
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American genus Astronium but Engler (op. cit.) considers it most,

like the Malayan genus Parishia.

The genus Mctopinm, not certainly recognized heretofore, has a

well-marked species in the Wilcox. Several Tertiary woods are

described by Unger as Rhoidium and Saporta has described a species

of ScJiinus from the French Oligocene (Gargas) which is wrongly

determined according to Schenk (p. 541).

The genus Spondicccarpum has a species in the early Eocene of

France and a second in the Aquitanian of Rhenish Prussia. Recently

Fritel has described leaves from the Aquitanian of France which he

calls Semecarpitcs that are very close to the existing genus Seme-

carpus which has about 40 species ranging from India to Australia.

The family Ilicacese (Aquifoliaceas) is a relatively small one com-

prising only five genera and about 180 existing species. They are

shrubs or trees with alternate, simple, entire or toothed, often cori-

aceous leaves. The flowers are small, dioecious and hypogynous.

The fruit is a drupe with a thin fleshy sarcocarp enclosing as many

crustaceous nutlets as there are carpels. The genus Ilex Linne to

wdiich all but seven of the existing species are referred is found in

all tropical and temperate regions of the world except western

North America, Australia, New Zealand and New Guinea. The

remaining genera of the family are Oncotheca Baillon with a single

species in New Caledonia, NemopaiitJies Rafinescjue with a single

species in temperate North America, Sphenostemon Baillon with two

species in New Caledonia, and Byronia Endlicher with three species,

one in Tahiti, one in the Hawaiian Islands and one in Australia.

This modern distribution is a certain indication that the family has

an extended geologic history.

Over a hundred fossil species have been referred to the genus

Ilex. At least thirteen species are recorded from the Upper Cre-

taceous. All but one from the Turonian of Bohemia are from the

western hemisphere and include two in the Raritan formation, three

in the Magothy formation, seven in the Dakota sandstone, one in the

Atane and two in the Patoot beds of western Greenland.

There are about fourteen Eocene species including four in the

Wilcox, one in the Ypresian of England, one in the Fort Union, four

in the Green River beds, five in Greenland, one in Alaska and one in
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Australia. There are over a score of Oligocene species including one

from Chili that may even be of Eocene age. The lower Oligocene

or Sannoisian has eleven species in France, Tyrol, Saxony and Prus-

sia and includes three species of flowers described by Caspary from

the Baltic amber. The Middle Oligocene or Tongrian has six species

in France, Italy, Germany and Styria and there are seven species in

the Upper Oligocene (Chattian) of France, Bohemia and Greece.

Upwards of fifty species have been described from the Miocene of

Europe and Asia, and from New Jersey, Colorado and California in

this country. The most prolific Miocene area is that of France.

About ten species are known from the Pliocene of Spain, France,

Italy, Prussia and Asia Minor. One fossil and four recent species

are found in the Pleistocene of Virginia, North Carolina, Alabama,

Kentucky and the Island of Madeira. In addition to the fossil

forms referred to Ile.r, two Miocene species from Italy and Styria

are referred to the genus Nemopanthes and four forms from the

•late Oligocene or the Miocene of Prussia, Styria, Croatia, Bohemia

and Greece are referred to the genus Priiios Linne, which is usuallv

considered a section of Ilc.v. The four species from the Wilcox that

are referred to Ilex are represented in the collections by a small

amount of mostly poor material and are without special significance.

The family Celastraceas includes about 40 genera and upwards

of 400 existing species of trees and shrubs with opposite or alternate,

simple, persistent or deciduous leaves and capsular or drupaceous

fruits. The three large genera Enoiiymus, Cclastnis and Gymiio-

sporia are practically cosmopolitan and several additional genera

localized in the modern flora were cosmopolitan in the Tertiary.

The following 12 genera with over 100 species are confined

to America: Fraunhofcra^ Mortonia, Glossopctahim, Schaefferia,

Goupia, Maytciins^ Pachystima, Ziiiozi'iczvia, Plenckia, Wimmeria,

Gyminda, Rliacoma. The genera Glyptopctalum and Tripterygium

together with five species are confined to Asia. The genera Hypso-

phila, Denhamia and HedraiantJiera together with seven species are

confined to Australia. And the following ten genera with about 60

species are confined to Africa or ^Madagascar : Piifterlickia, Cafha,

Ptcrocelastnis, PoIycardia^PfcIidiuni, Gassine, Elccodcndron, Maitro-

ceiiia, Sclirchcra and Lauridia.
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The family is definitely represented in the Cretaceous by at least

five genera and is an important element in most Tertiary floras.

The oldest known genus is the form-genus Celastrophyllum proposed

by Goeppert. Five well-marked species occur in the Patapsco for-

mation (Albian) of Virigina and Maryland. At the base of the

Upper Cretaceous, particularly in North America, a large number

of species occur. Upward of thirty have been described of which

number two are recorded from New Zealand and two from the

Cenomanian of Niederschoena in Saxony. There is a species in the

Atane beds of Greenland and three in the Patoot beds. The re-

mainder occur in the United States and have the following distribu-

tion : ten in the Raritan formation of New Jersey and Maryland,

twelve in the Tuscaloosa formation of Alabama, two in the Magothy

formation of New Jersey and Maryland, two in the Middendorf

beds of South Carolina, seven in the Dakota sandstone, and two in

the Black Creek formation of North Carolina. There are ten Eocene

species—seven in the basal Eocene of Belgium, one in the Ypresian

of England and two in the Claiborne group of the Mississippi embay-

ment. There are five Miocene species in Italy, Bohemia and Styria

;

a Pliocene species in Italy ; and four Tertiary species from the

Island of Java. Another form-genus is Celastrinites Saporta which

has four species in the Paleocene of France, one in the Denver for-

mation of Colorado, another in the Livingston formation of Mon-

tana, and a seventh in the Miocene of Florissant, Colorado,

The genus Celastrus Linne is the largest fossil genus of the

family and its history shows that while its present center of distribu-

tion is in the uplands of southeastern Asia and the East Indies the

ancestral stock was cosmopolitan and very abundant in the Tertiary

of America and Europe, with a strong probability that it originated

in the former area at the dawn of the Upper Cretaceous or some-

what earlier. The oldest known species, Celastrus arctica Heer, is

found in the Raritan and Magothy formations of New Jersey and

Maryland and in the Patoot beds of Greenland. No less than thirty

species of Celastrus have been described from the Eocene. These

include six Ypresian species from England, five species in the Wil-

cox flora, one in the Denver, ten in the Fort Union, one in the

Kenal of Alaska, three from Greenland and four from Australia.
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There are also about thirty Oligocene species, all European, and in-

cluding remains in the Baltic amber, in France, Switzerland, Ger-

many, Austria-Hungary and Greece. There are at least a dozen

species in the Chattian of Bohemia. Over fifty Miocene species have

been described ranging throughout Europe, in eastern Asia, and in

Virginia, Colorado, Idaho and Oregon in this country. About a

dozen Pliocene species have been described from Spain, France,

Italy and Sicily.

The genera Cassiiie Linne and Pterocelastrus Meissner both now
confined to South Africa and Madagascar, each has a fossil species

in the Miocene of Bohemia. The genus Pachystima Rafinesque, with

two existing species in North America, has an Upper Cretaceous

species in North Carolina and a Miocene species in Colorado.

The genus Maytenns Feuill, with about 70 existing species of

the tropics and subtropics of South America has a well-marked

species in the Wilcox flora. There are two species in the early

Tertiary of Chili, one in the late Oligocene and three in the Miocene

of southeastern Europe.

The monotypic genus Gyminda Sargent confined to Florida and

the West Indies in the existing flora has a doubtfully determined

fossil species in the Magothy formation of the Atlantic Costal Plain.

The genus Microtropis Wall., with g or 10 existing species of the

mountains of southeastern Asia from India to China and Japan, has a

doubtfully determined form in the early Pliocene of Italy.

A well preserved flower in the Baltic amber is described by

Conwentz as Celastrinanthium Hauchecornei.

The genus Elcsodendron Jacquin, with about 25 existing species

confined to South Africa, has a considerable geologic history. Four

Upper Cretaceous species have been described—one from Australia,

one from the Dakota sandstone, and two from the Magothy forma-

tion of the Atlantic coast. There are six Eocene species showing

that the genus was represented in New Zealand (?), Australia (?),

Alaska, the Ypresian of England and the Fort Union of the Rocky

Mountain region. There are five Oligocene species in the Tyrol,

Bohemia and Transylvania ; nine Miocene species in France, Switzer-

land, Italy, Prussia, Bohemia and Styria ; and four Pliocene species

in Italv.
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The remaining genus known in the fossil state, Enonymiis Linne,

has about sixty existing species widely distributed throughout the

northern hemisphere but most numerous in the Asiatic tropics and in

China and Japan. Upwards of thirty fossil species are known, being

based upon both fruits and leaves. There are four well-marked

Eocene species all of which are confined to North America where

they are represented in West Greenland, in the Fort Union and

Green River beds of the Rocky Mountain region, and in the Wilcox

of the Mississippi embayment. The species of the latter region is a

very abundant and characteristic form. There are four or five

Oligocene species of Euonymus recorded from Bavaria, the Tyrol

and Bohemia. The twelve Miocene species occur in France, Prussia,

Bohemia, Styria, Croatia, and Hungary. There are four Pliocene

species in Germany, Italy, and Slavonia ; and two still existing species

occur in the Pleistocene of France.

From this very brief survey of the fossil history of the Celas-

tracese it is seen that there is a probability, similar to that shown by

so many other families of Dicotyledonfe, that the ancestral stock

originated in the western hemisphere.

The family Sapindacese consists of about 118 genera and over one

thousand existing species of trees or shrubs with alternate, pinnate,

exstipulate, persistent, or deciduous leaves and drupaceous or cap-

sular fruits with crustaceous mostly solitary seeds. About one third

of the genera are lianas. Most of the family is confined to tropical

and subtropical regions and about 23 per cent, of the genera (27)

and 34 per cent, of the species (345) are confined to America.

There are more genera (30) confined to the African region but only

about one fifth as many species (75).

The genera Cardiospennnni,Schmidclia {Allophylus) and Sapin-

dus are found in all tropical countries. The genus Panllinia with

over 120 existing species while mostly American is present in Africa

and Madagascar. The genus Dodoncva with over 40 species in Aus-

tralia has one or two forms found in all tropical countries and a

single species in the Hawaiian Islands and Madagascar. HarpulUa

is common to Asia, Africa and Australia. There are two genera

with about fifteen species confined to Australia, four genera with 66

species ranging from Asia to Australia, 10 genera with 22 species
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confined to the East Indies, two genera with 20 species confined to

Polynesia and 6 genera with 35 species ranging from Malaysia or

the East Indies to Australia. It is quite obvious from these few

facts regarding the existing distribution that the family is an ancient

one and that there has been an extensive evolution of both generic

and specific types in relatively modern times in the American tropics

on the one hand and in the Malaysian region on the other.

The fossil record while much less complete than might be wished

includes at least 13 genera of which six are extinct, and about 160

species, by far the largest number being referred to the still existing

genus Sapindus which appears well dififerentiated and widely distrib-

uted at the dawn of the Upper Cretaceous. There are about ten

Upper Cretaceous species of which all but four occur inpre-Senonian

strata. Thus there are two in the Perucer beds of Moravia and

Bohemia, one at Niederschcena in Saxony—all Cenomanian. Two
in the Atane and one in the Patoot beds of West Greenland. Two in

the Dakota group; two in the Tuscaloosa formation of Alabama,

one in the Middendorf beds of South Carolina, one in the Woodbine

formation of Texas ; two each in the Raritan and Magothy forma-

tions of the Middle Atlantic states, one in the Montana group and

two in the Laramie. I have given this Upper Cretaceous distribu-

tion in some detail because of the special interest attached to the

deployment of the Upper Cretaceous Dicotyledon^e. It should be

noted that seven of these Upper Cretaceous forms are North Amer-

ican. There are over thirty Eocene species of Sapindus of which

two thirds are North American. The genus is very abundantly rep-

resented in both individuals and species in the coastal floras of the

Wilcox group from which I have described no less than 9 species.

There are four species in the overlying Claiborne group. Species

of Sapindus are equally common in the Rocky Mountain province in

the Denver, Fort Union and Green River beds. There is an Eocene

species in Greenland and one each in New Zealand, Australia, Tasma-

nia and Chili. There are four undescribed species in the Ypresian of

England and a fifth in beds of the same age in Hungary. There is

an Upper Eocene species in France and a second in Oregon.

There are six or more Oligocene species well distributed in Eu-
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rope to which continent their discovery has thus far been confined.

There are over 30 Miocene species found throughout southern Eu-

rope, in eastern Asia, and in North America (Colorado, Oregon and

Yellowstone Park). The eight or ten Pliocene species are confined

to southern Europe.

In addition to the genus Sapindiis there are several form-genera

derived from the same root. Thus Sapindophylliim has been ap-

plied to two species from the Albian of Portugal (?). To it are

also referred a Cenomanian and a Chattian species from Bohemia

and a Tertiary species from Japan. The term Sapindoides has been

used by Perkins for Sapindus-Wko. fruits preserved in the early Ter-

tiary lignites of Brandon, Vermont, from which eight species have

been described. In some respects the most interesting genus is Sap-

indopsis Fontaine represented by three abundant and well preserved

species in the Patapsco formation (Albian) of Maryland and Vir-

ginia one of which is also present in the Fuson formation of the

Black Hills, and which I have shown"**^ to be very probably ancestral

forms of the genus Matayba Aublet (Cupaniese) which has upwards

of two score existing species in the tropical and subtropical regions

of America. This well-marked type suggests the interesting ques-

tion of how early in the Mesozoic the ancestors of many modern

genera may have been present in equatorial America.

The genus Patdlinia Linne which has about 122 existing species

mostly confined to the American tropics but sparingly represented in

Africa and ]\Iadagascar, has an Oligocene species in Prussia and

two early Miocene species in southeastern France and Bohemia.

The genus Thouinia Poit, which in the modern flora has about

15 species confined to the West Indies and Mexico, is represented

by an early Tertiary, probably Eocene species, in Chili. The genus

Nephcliiim Linne with over a score of existing species in southeast-

ern Asia is recorded by Unger from the Aquitanian of Greece and

by Geyler from the Tertiary of Borneo.

The genus Koclreiiteria Laxm. is represented by two Chinese spe-

cies in the existing flora. In the fossil state it is recorded from the

Tertiary of the Island of Sachalin, from Spitzbergen and from

3G Berry, Md. Geol. Surv., Lower Cretaceous, pp. 467-474, PI- 83-88, 191 1.
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Switzerland and Baden. Felix has described a genus, Schmiddi-

opsis, based on fossil wood from the Oligocene of the Island of

Antigua, very close to the existing genus Schmidelia Linne which has

upwards of a hundred existing species in all tropical countries.

The modern Cupanieas are represented in paleobotanical liter-

ature not only by Cupania but by species of Ciipanitcs and Cupan-

oidcs. The latter generic term was proposed by Bowerbank for

cupaniaceous fruits and seeds of which he described several charac-

teristic species from the Ypresian of the Island of Sheppey. Simi-

lar forms have also been recognized in the Miocene of Carniola and in

the Pliocene of Italy. The genus Cu/^aw/a Linne has about 35 exist-

ing species confined to the American tropics. Several Ypresian spe-

cies from the south of England have been referred to it by Ettings-

hausen and it has also been recorded from the Miocene of the Island

of Sachalin. The greater number of Cupania-Wkt forms have, how-

ever, been referred to the genus Ciipanites Schimper. Nine or ten

species have been described and with the exception of extremely

doubtful forms from the Upper Cretaceous of New Zealand and the

Eocene of Australia, the oldest authentic occurrences are the two

species of the Wilcox flora. There is a third species in the overlying

Claiborne group of the Mississippi embayment. The oldest Euro-

pean form is one from the late Oligocene of Styria. In the Miocene,

species are recorded from Germany, Bohemia, Austria, Croatia and

Hungary.

The genus Dodoncua Linne often made the type of a distinct

family, the Dodonseaceas, has about fifty existing species of which

four fifths are Australian. Dodoncea viscosa Linne is cosmopolitan

in the tropics and there are one or two additional species in the

American tropics as well as one in the Hawaiian Islands and another

in Madagascar. The genus (including Dodonccites) was evidently

widespread in former times and upwards of a score of fossil species,

based on both leaves and fruits, have been described. The oldest

known forms are two species in the Ypresian of the north of Eng-

land and the two contemporaneous species in the Wilcox, which are

represented by both leaves and characteristic fruits. There are five

Oligocene species in France, Tyrol, Bohemia and Styria ; and ten
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Miocene species in Prussia, Baden, Switzerland, Bohemia and Croa-

tia. A well-marked species occurs in the Claiborne (Lutetian)

ranging along the Claiborne coast from northeastern Georgia to

central Louisiana.

It is impossible from the known facts to discuss the place of ori-

gin of the family, but it is obvious that certain genera were evolved

toward the close of the Lowxr Cretaceous in equatorial America and

have inhabited that or adjacent areas throughout the long stretch of

time down to the present.

The order Rhamnales includes about 1,000 existing species of

shrubs, trees and vines about equally divided between the families

Rhamnace^e and Vitacese. It closely parallels the Sapindales in its

floral development but is distinguished by the mostly tetracyclic flow-

ers with opposite stamens and often lacking a corolla. The leaves

are simple and typically alternate. Of the two families only the

Rhamnaceas is represented in the Wilcox flora.

The family Rhamnacese (Frangulacese) includes 47 genera and

about 500 species of shrubs and trees mostly of the tropics but with

several genera extending for considerable distances into the temper-

ate zone, the genus Rhamnus in particular being mostly extratropical

in the northern hemisphere. The genera Zizyphus, Adclia and Gou-

ania are found in all tropical countries. Almost half of the genera

are common to more than one continental area. America has the

greatest number of peculiar genera (15) with about 85 species. Two
monotypic genera are confined to Asia, five genera including the

large genus Phylica Linne together with about 70 species are con-

fined to Africa and five genera including the two large genera Spy-

ridium Fenzl. and Cryptandra Smith in all with about 70 species are

confined to Australia.

Ten or eleven genera, of which five are present in the Wilcox

flora, are found fossil, the three largest being Rhamnus, Paliurus

and Zizyphus. The genus Rhamnus Linne which is cosmopolitan

in the northern warm temperate and subtropical zones has about

seventy existing species. There are considerably over one hundred

fossil species, mostly well characterized with simple often entire

leaves with ascending secondaries and closely spaced fine percurrent
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nervilles. There are a dozen or more species described from the

Upper Cretaceous, the genus appearing in the Cenomanian in both

Europe (Niederschoena, Saxony) and America (Raritan formation).

There are six species in the Dakota sandstone, two in the Magothy

formation, one in the Atane and two in the Patoot beds of Green-

land. The genus is represented in the Montana group and the Lara-

mie formation of the Western Interior and in the Senonian of West-

phalia. There are about thirty Eocene species, the majority being

North American. Species of Rhamniis are very common in the

Raton and Denver formations along the Front Range of the Rocky

Mountains and from the base to the top of the Wilcox. There are

four species in the Raton, eight in the Denver and six in the Wilcox.

The genus is also well represented in the later Eocene along the

Pacific coast and in western Greenland. In Europe only a single

species is recorded from the Paleocene. The Ypresian which is syn-

chronous with the Wilcox has three species in the south of England.

There are eleven or twelve Oligocene species in France, Prussia,

Tyrol, Italy, Dalmatia, Styria, and Greece and a single undescribed

species in the Apalachicola group of Florida. There are over two

score Miocene species, RJiamnus being especially abundant in the

Miocene of Switzerland, Italy, Bohemia, Prussia and Styria. It is

also present at this time in Iceland, Spitzbergen, Alanchuria and

Sachalin Island. In this country there are species in British Co-

lumbia and in Colorado.

There are about thirteen Pliocene species, no less than nine being

recorded from Italy and there is one known from the Island of Java.

There is an extinct species in the Pleistocene of Hungary and a re-

cent species in the Pleistocene of the Island of ^Madeira. In addi-

tion to the species referred to Rliaiiuius the form-genus Rhamnitcs

Forbes founded on three species from the Eocene of the Isle of ^lull

has two American Upper Cretaceous species found in the Raritan,

Tuscaloosa, Magothy and Dakota formations. There is a species in

the Fort Union and another in the Wilcox. The genus Rhamna-

ciniiim of Felix is based on petrified wood. It contains five or six

species found in the Eocene of the Caucasus, Texas, Saskatchewan

and the Miocene of Yellowstone Park.
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The genus Paliurus Jussieu with only two existing species rang-

ing from southern Europe through southern Asia to China and Japan

was cosmopolitan in former times. Upwards of 40 fossil species

have been described. At least twelve are known from the Upper

Cretaceous, all confined to the North American region. There are

two each in the Raritan, Alagothy and Laramie, five in the Dakota

and one each in the Eutaw formation of Georgia, in West Greenland

and Vancouver Island. There are ten Eocene species also confined

to North America. Two of these are found in the Fort Union and

there are three each in the Denver, in western Greenland and in the

Wilcox. The leaves are not common in the Wilcox but the charac-

teristic peltate fruits are not uncommon. The oldest European

forms are two species in the Oligocene of France and there is a well

marked species in the Oligocene (Vicksburg group) of Louisiana.

The thirteen Miocene species are found in Asia (Siberia, Sachalin),

Europe (Switzerland, Baden, Germany, Bohemia, Italy, Styria and

France), and North America (Colorado and Oregon). The pres-

ence of numerous species of Paliurus in the Upper Cretaceous and

Eocene of North America and their absence on other continents be-

fore the Oligocene renders it very probable that the genus originated

in the western hemisphere.

The genus Zisyphus Jussieu with about forty existing species

largely shrubs, often prostrate or scrambling, and rarely small trees,

is mostly Indo-Malayan in its distribution but is represented by a

few species in the tropics of eastern Asia, America, Africa and Aus-

tralia. There are over fifty known fossil species and as in the genus

Paliurus the ten Upper Cretaceous species are confined to North

America. They are found in the Raritan and Magothy formations

of New Jersey and Maryland, the Eutaw formation in Georgia, the

Tuscaloosa formation in Alabama, the Woodbine formation in Texas,

the Dakota sandstone of the West, the Patoot beds of Greenland

and the Upper Cretaceous of Alaska. There are about twenty

Eocene species including the two common and characteristic species

of the Wilcox and one in the overlying Qaiborne of the embayment

region, five in the Denver, three in the Fort Union, two in the Green

River, one in Alaska and one in West Greenland. There are two
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Paleocene species in France and Belgium, four Ypresian species in

the south of England and a Lutetian species in France. There are

eight Oligocene species very common in deposits of this age through-

out Europe. Over twenty species have been recorded from the Mio-

cene of Colorado and California in this country, from France, Swit-

zerland, Germany, Italy, Austria-Hungary, and Russia in Europe,

and from Japan and Java in Asia. There are three or four Pliocene

species in Europe. While the evidence is not so clear as in the case

of Paliiinis there is a possibility that Ziayphus too is of occidental

origin.

The genus Reynosia Grisebach with only two existing coastal

species ranging from the Florida keys through the West Indies has

two characteristic species based on leaves in the Wilcox flora and a

third species based on the petrified wood in the overlying Claiborne

deposits of Texas.

The genus Bcrchcmia Neck, has about a dozen existing species,

ten of which are confined to eastern and southeasern Asia. There

is one in eastern extratropical North America and one in eastern

Africa. This distribution could not have been brought about ex-

cept by the agency of a cosmopolitan Tertiary range. While the

specific differentiation of Berchemia is limited to five or six fossil

forms these are very common and wide ranging. The earliest occur-

rences are North American and include the Raton, Denver and Fort

Union formations of the Rocky Mountain province. The genus

makes its apearance in Europe during the Oligocene and is common
throughout that region in the Miocene, becoming restricted to south-

ern Europe (France, Italy, Sicily and Slavonia) during the Pliocene.

A species of Hoveniphylliim supposed to represent the existing

genus Hovenia Thunberg with a single existing species in southeast-

ern Asia, is present in the Plio-Pleistocene of Japan. The genus

Coliibrina Brongniart with 15 existing species in tropical America

and one in southeastern Asia is recorded from the ^Miocene of

Bohemia.

The genus Pomaderris Labill with about 24 existing species con-

fined to Australia and New Zealand has two species in the Eocene

of the former region and three species (Pomadcrritcs Ettingshau-

sen) in the INIiocene of Prussia, Bohemia and Styria.
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The genus Ceanothus Linne with about forty existing species

confined to North America has included numerous fossil species sub-

sequently referred to Paliurus or Zizyphus. There are four re-

corded from the Upper Cretaceous of Greenland, New Jersey, Van-

couver Island and Westphalia ; two Eocene species recorded from

Greenland and British Columbia ; a Miocene species in Prussia,

Switzerland and 'Italy ; and a Pleistocene species in Kentucky.

The next order, the Malvales, includes nine families and about

1,800 existing species. The Tiliace?e, Sterculiacese and Bombacacese

are the only ones represented in the Wilcox flora. The largest

modern family, the Malvaceae with over 800 species, many of which

are herbaceous and range from 65° North latitude (Russia) to 45°

South latitude (New Zealand), is not represented in the Wilcox.

The order displays somewhat uneven or but little understood phylo-

genetic characters but is evidently allied to the succeeding order, the

Parietales, through the family Elaeocarpacete. These inequalities of

evolution are shown among other ways by the complete syncarpy in

the Tiliaceae associated with an indefinite number of stamens and by

the complex arrangement of the stamens in the Sterculiaceas, associ-

ated with more or less incomplete union of the carpels. Both the

leaves, flowers and fruits exhibit a wide range of variation through-

out the order.

The family Tiliaceae, represented in the Wilcox flora by a single,

not very common form of Grewiopsis, has about 35 genera and 370

existing species mostly of tropical lands and showing two centers cf

differentiation and distribution—^one surrounding the Indian Ocean

and the other in northern South America. The geological history is

confined to the four genera Tilia (or Tilicephyllum) , Greuna, Grezin-

opsis and Apeibopsis.^' The genus Tilia Linne with 18 or 20 widely

distributed existing species in the north temperate zone (absent in

western North America and central Asia) has furnished about 25

fossil species based upon both leaves and fruits, the oldest known

being from the North American Eocene. There are no conclusive

Oligocene records except two French species, but about fifteen Mio-

^^ The genus Lithca has been described from the Eocene of Sezanne

(Langeron) and from the Oligocene of Menat (Laurent), both French

localities.



19I4-] SOUTHEASTERN NORTH AMERICA. 209

cene species are found in North America, Europe, Asia and the

Arctic regions. There are five PHocene species recorded from Eu-

rope and Japan and six Pleistocene species in Ontario, New Jersey,

France, Germany, Holland and Denmark. The genus has appar-

ently had its existing range since Aliocene time.

The genus Grcivia Linne has about 90 existing species ranging

from Arabia to China and Japan and through Malaysia to Aus-

tralia, and from Abyssinia to South Africa. About fifteen fossil

forms have been described, the oldest known, five Eocene species,

coming from western North America. There are two Oligocene spe-

cies in Europe and about six ]\Iiocene species in Oregon, Spitzbergen

and throughout Europe. The larger number of GrrTc/a-like fossil

forms are, however, referred to the genus Grcziiopsis of Saporta.

Six of these are from the Upper Cretaceous and all are confined to

North America, a very significant fact since several of them are espe-

cially well marked. They are found in the Magothy formation of the

east coast, the Tuscaloosa formation of the south coast, and the Da-

kota Alontana and Laramie formations of the western interior. There

are about six Eocene species in the Denver, Lance and Fort Union

:

one in the Wilcox and one in the Claiborne of the Mississippi em-

bayment region, six in the Paleocene of France and one in the

Ypresian of England. There is also a Aliocene ( ?) species recorded

from YellowstoiTe Park. While it is quite possible that some of the

fossil records ascribed to the genus Popuhis are those of Grezuia

or its ancestral stock, it seems clear that the latter genus or its im-

mediate ancestors were common in the L'pper Cretaceous and Eocene

of North America.

The fourth fossil genus of Tiliacese is Apeiobopsis Heer^^ named

from its affinity with the existing genus Apeiba Aublet wdiich has five

or six species confined to tropical South America. Apeibopsis in-

cludes not only leaves but very characteristic fruits. To it are re-

ferred somewhat doubtfully determined leaves from the Upper Cre-

taceous Dakota sandstone and Atane beds. There are about four-

teen Tertiary species including a basal Eocene form from Wyoming,

two Ypresian forms from England, a species from West Greenland

"S To it should probably be referred the Arctic forms described by Heer
as Nordenskioldia.

PROC. AMER. PHIL. SOC. LIII, 214, N, PRINTED JULY I3, I914
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three species in the Hgnites of Brandon. Vermont, two Ohgocene

species from Italy and five Miocene species from France, Switzer-

land and Bohemia.

The family Bombacace£e^° with 20 genera and about 120 exist-

ing species is confined to the tropics and principally to the Amer-

ican tropics. The only known fossil forms are those of the genus

Bombax or the allied BombacipJiylluni and Bomhacites. Bomhax

Linne has about fifty existing species, all large tropical trees, and

almost confined to America. There is a single species in Africa,

about six in southern Asia and one in Austalia. The fossil species

number over twenty, the oldest known*° being a common form in

the Perucer beds (Cenomanian) of Bohemia and Moravia. There

are three species in the Ypresian of southern England and two well-

marked forms in the Wilcox flora. There are five additional Eocene

forms of which three are from Chili and two from eastern Australia.

There are five Oligocene species recorded from France, Saxony,

Bohemia and Carniola. The genus is represented in the early Oli-

gocene (Sannoisian) of southeastern France not only by the foliage

but by beautifully preserved flowers so that there is little ground for

questioning the correctness of the identifications. There are five

Miocene species in Bohemia, Croatia and Styria.

The family Sterculiacese includes about 5 genera and 800 exist-

ing species of mostly tropical shrubs and trees with prevailingly

large, simple or digitately lobed or divided leaves ; the flowers are

sometimes apetalous and differ from those of the Malvaceae in their

2-celled extrorse anthers. Syncarpy is more or less complete.

The Sterculiace?e of the existing flora are found on all the conti-

nents except Europe. The genera Sterciilia, Helictcres, Melochia,

Buettneria and Hermannia have species in both the eastern and

western hemispheres. The geologic history of the family extends

back to the base of the Upper Cretaceous but is confined to a rela-

tively few number of genera. The most abundant of these is the

genus Sterciilia Linne, which in the existing flora has about one

39 Ettingshausen, " Ueber die Nervation der Bombaceeen," Dciisk. k.

Akad. Wiss. U'ieii. Maih. Nat. CI, Band 14, 1858, pp. 49-62, PL I.-XL
^^ An Albian species of Bombax described by Fontaine is entirely

valueless.
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hundred species of large leafed trees. They are divided into three

tribes named from the habit of the leaves the Digitatse, Lobatae and

Integrifolise. The first of these range from farther India to Aus-

tralia with only one or two American species. The second is most

abundant in the American tropics but is also found in Asia and

Africa and shows many parallelisms between the American and

Asiatic forms. It is most abundantly represented in the past history

of the genus. The third and largest modern tribe, the Integrifolise,

has five or six American species and the balance are found in Asia

and Africa.

The fossil forms (sometimes referred to StercuIipJiyllitm)

number more than fifty species. Upwards of a score are known

from the Upper Cretaceous. These are mostly American and are

referable to the tribe Lobatas which may well have originated in the

western hemisphere. There is a species each in the Credneria

sandstone of Saxony and the Perucer beds of Bohemia (both Ceno-

manian) and a third in the Turonian of the latter country. The

balance are North American and include species in the Raritan for-

mation, the Cheyenne sandstone of southern Kansas, and in British

Columbia, a species in the Patoot beds of \\^est Greenland and six

species in the Magothy formation of the Atlantic Coastal Plain and

eight species in the Dakota sandstone of the western interior.

There are less than a dozen Eocene species, the majority being con-

fined to the lower Eocene. Thus there are three species in the

Paleocene of France and another in the Ypresian of England as

well as one or two in the Denver and Raton formations of the Rocky

Mountain front range. The single large Wilcox species is entirely

typical and shows the usual variability in lobation and size. It

appears to be filiated with Stcrculia Siiowii Lesquereux from the

American Upper Cretaceous, and may be exactly matched by several

existing species. There is a small leafed species in the middle

Eocene (Claiborne group) of the embayment which exactly matches

the typical Stcrculia labnisca Unger from the European Tertiary and

the existing Stcrculia divcrsifolia Don. It is closely parallelled by

two American Upper Cretaceous species—5". minima Berry and 5".

miicroiiata Lesquereux. There are upw^ard of ten Oligocene species

widely scattered over Europe and about 15 Miocene species, mostly
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European, with a single species on the east coast of Asia (SachaUn)

and two species in Colorado, one of them especially well marked.

There are several Pliocene species in southern Europe.

Two somewhat different species of sterculiaceous capsular fruits

from the Wilcox are referred to a new genus, Stcrciiliocarpns. The

larger of these, 5". eocenicus, seems referable to the subfamily Buett-

neriese, while the smaller, 6^. sezanncUoides, is referable to the Lasio-

petalese or Helicterese. Both are very similar to the fruits from the

Paleocene of Sezanne referred to the genus Sezannella. The latter

genus with two species was described by Viguier from casts of

wonderfully preserved flowers as well as fruits from the celebrated

Travertins of Sezanne and referred with great certainty to the

Lasiopetaleae.

The tribe Dombeyese with seven genera and about 75 existing

species is almost entirely confined to Africa and the adjoining

islands, five or six species of the genus Melhania Forsk, only, rang-

ing from Arabia to farther India. This tribe is represented in fossil

floras by the genus Dombeyopsis Unger named from its supposed

affinity with the modern genus Domhcya Cav. which has 40 African,

mostly Madagascar, species. About 30 species have been referred to

Dombeyopsis. They are liable to be confused with Liihea, Grezvia

and other forms of the allied family Tiliaceae. There are three

species in the Laramie Cretaceous, two in the Denver formation,

twelve (according to Massalongo) in the Upper Eocene of Monte

Bolca in Italy, five in the European Oligocene and six in the Miocene

of Iceland, France, Switzerland, Prussia, Silesia and Styria. A
Pliocene species is recorded from central France. Fossil wood

described as Dombcyoxylon is recorded by Schenk from the late

Tertiary near Cairo, Egypt.

The Buettnerieas are represented by a doubtful species described

from the Miocene of Colorado, and probably by some of the fossil

forms referred to other genera, e. g., some of the palmately veined

Ficus-\\Vt. forms such as Flcus occidentah's and Ficus Scliimpcri both

of which are present in the Wilcox flora. Flowers of Buctineria

were reported from Sezanne by Solms-Laubach but this probably

refers to the subsequently described genus Sezannella, mentioned in

a preceding paragraph.
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The Helictere?e are represented by a doubtful species of Hclic-

teres Linne described from the Pliocene of Italy and by forms

referred to the existing genus Pterospermiim Schreb. or to the

extinct genus Pterospcrmites Heer. Over 30 species have been de-

scribed. There are nine or ten in the Upper Cretaceous all of which

are North American, and their combined range extends from Xew
York to western Alabama, throughout the Rocky ^Mountain and

Great Plains province and in the Atane beds of Greenland. There

are about a dozen Eocene species all North American except a single

species in the Paleocene of France. The American forms extend

northward to West Greenland and Alaska. There are two or three

species in the European Oligocene and ten ^Miocene species through-

out Europe and in western North America (Yellowstone Park, Cali-

fornia, mouth of the Mackenzie River). A single Pl'ocene species

is recorded from France. It seems probable that this type originated

in the western hemisphere since it is so abundantly represented in

that region during the Upper Cretaceous and Eocene. The modern

species of Ptcrospcrmuni are, however, confined to eastern tropical

Asia.

The order Parietales includes thirty families together with over

four thousand existing species, the largest families being the Gut-

tiferge (775), Flacourtiacecie (530), Begoniaceas (425), Violacese

(4CM3) and Dipterocarpace?e (330). None of these families are

present in the Wilcox flora, where the order is represented by the

two families, the Dilleniacese and Ternstroemace?e. The Parietales

are prevailingly syncarpous and show affinities \vith the Ranalian

plexus through the Dilleniaceae which were formerly referred to that

order. The alliance as a whole is a complex one including several

divergent lines of development with, on the whole, a gradual increase

in floral complexity.

The family Dilleniace?e contains 14 genera and about 275 exist-

ing species found on all the continents, the genus Tetracera being

cosmopolitan in the tropics. The genera EmpcdocJea, CiirateUa,

Doliocarpus and Davilla together with 50 species are confined to

the American tropics : Hibbcrtia and PacJiyncma together Avith y^

species are Australian, there are five genera with about 25 species

confined to the Asiatic tropics; the genus Saurauia (or Saurauja),
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with about 60 species, is common to Asia and South America ; and

the genus Dillcnia with about 25 species ranges from Asia to Aus-

traha ; so that on the whole the family is prevailingly oriental in the

existing flora.

The fossil record is unfortunately most incomplete, illustrating

however a wider range of the genera in the past in response to milder

climatic conditions in both the north and the south temperate zones

during the Tertiary, and also the fact that several of the modern

American genera have been American throughout their known geo-

logic history. Thus Empcdoclea with two existing South American

species, sometimes made a subgenus of Tetracera, has a fossil form

in the eary Tertiary of Chili. The genus DoHocarpus with about 20

recent species also in the South American tropics has two fossil

forms in the early Tertiary of Chili. The genus Daz'illa with 25

modern species in tropical America is doubtfully represented in the

Wilcox flora by Calycites daznUaformis Berry.

The genus Sanranja with 60 modern species in South America

and Asia has a species in the Paleocene of France, another in the

Ypresian of the south of England and a third in the Miocene of

Croatia.

The genus Dillenia with 25 existing species confined to Asia and

Australia is represented by a form in the Paleocene of Belgium and

by some of the Wilcox species referred to the form-genus Dillenites.

The genus Tetracera with 40 recent species found in all tropical

lands, has two fossil species in the early Tertiary of Chili, another in

the Pliocene of Java and is represented in the Wilcox flora by some

of the species of Dillenites. I have recognized five well-marked

species of Dillenites in the Wilcox and these appear to represent

modern forms of both Dillenia and Tetracera.

Conwenz described three species of Hibbertia, a large Australian

genus, in the Baltic amber (Sannoisian) but Schenk considered that

they did not belong to either this genus or even the family.

The family Ternstroemacese (Theacese) contains about 16 genera

and 175 existing species mostly tropical but extending into the north

temperate zone in North America and eastern Asia (Thea, Gordonia

and Stewartia). The following seven out of the sixteen genera are

confined to a single area : Bennetia Martins with five species inhabits
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the South American strand, Astcropcia Dub. is confined to Mada-

gascar, TJiea Linne with sixteen species is confined to southern and

eastern Asia, Mountnorrisia Szysz. with two species is a native of

the East Indies, the three monotypic genera Visnea Linne, Trenian-

tliera 'Sluller and PcUiciera Tr. and Planch, are confined respectively

to the Canary Islands, New Guinea and Central America. The

remaining nine genera, all relatively small, are all found in more than

one region. Thus Archytcca Martins has two species in northern

South America and a third in the East Indies ; Gordonia Ell. has

two North American species and fourteen scattered from India to

Malaysia; Hcrniocharis Salisb. has nine American and five Asian

species ; Stezcartia Linne with five species is found in North America

and Japan ; Taonabo Aublet has 20 species in South America and

eight in Asia; Adinandra Jack, has 19 African species and one in

Asia ; Eiirya Thunb. with 36 species and many varieties is confined

to tropical America and the East Indies.

This remarkable existing distribution and the pairing of America

and Asia as well as the fact that it requires five subfamilies for the

reception of only sixteen genera are sure indications that the family

has an extended geologic history and that many of the genera were

once cosmopolitan. Unfortunately most of this history is unknown.

The genus Stezvartia is represented in the Baltic amber by a fine

flower (Stcicartia kozvaloi^'slcii Caspary) and by leaf remains from

the Plio-Pleistocene of Japan (Mogi). Gordonia has a species in

the Pleistocene of Java. The genus Eurya Thunberg, now American

and East Indian, has a species in the Oligocene of France {Frezicra

Swartz). Fossil wood described by Felix and named Tcinistnvmia-

c'miiim occurs in the Eocene of the Caucasus. Visnea Linne, now
confined to the Canaries, has a typical fruit in the Aquitanian of

Rhenish Prussia. The genus TcrnstvLrmia Nuttall (antedated bv

Taonabo Aublet) has several fossil species, the oldest (Ternstroc-

miphyllum) coming from the Perucer beds (Cenomanian) of Bo-

hemia. It has two species in the Ypresian of the Isle of Wight, one

in the ]^Iiocene of Bohemia and another in the Miocene of Croatia.

I have described four well-marked species of Ternstrcrmites from

the Wilcox group and similar forms are present in the overlying

Claiborne group (Lutetian). Finally the very abundant species in
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the North American Cretaceous described as Celastrophylliim and

already referred to in the discussion of the Celastrace?e are very

probably, in part at least, referable to this family, so that enough is

known of the geologic history of the group to confirm at least the

statement made in a preceding paragraph that it must have had a

long and extended history.

The family Laurace?e with in the neighborhood of 1,000 existing

species distributed among forty to fifty genera is often placed next

to the family Anonacese among the Ranales (c. g., in Engler and

Prantl's " Naturlichen Pfianzenfamilien "). It may be noted, how-

ever, that the spiral arrangement of floral organs characteristic of

the order Ranales is replaced by a cyclic ararngement and hypogny

is also replaced by epigyny, so that I follow various students in

referring the Lauracese to the order Thymeleales, the other large

family of which, the Thymelaeaceae (not known in Wilcox flora),

has about 400 existing species, chiefly of temperate Australia and the

Cape region of Africa.

The geographical distribution of the Lauracere cannot be disposed

of in a similar simple statement since there are not only many

anomalies in the distribution of the existing species but we know so

considerable a part of the geologic history that our difficulties seem

increased thereby rather than diminished. For example the existing

species of the family are divided into eight tribes, no one of which

except the monotypic Eusideroxyle?e of Borneo is restricted to a

single continental region.

The largest of these tribes is the Cinnamome?e with upwards of

500 species endemic on all the continents but Europe, and chiefly

Asiatic and American. The four genera Pcrsca, Phoebe, Notaphcche

and Mespilodaphnc are found in both hemispheres ; Cinnamomum
and Machilus are oriental; while Orcodaphnc, SfrycluiodapJine,

Nectandra, Plenrothrium, Umhelhdaria, DicypclUiim and Synandro-

daphne are occidental ; the first three being large genera and the

last four being monotypic.

The tribe Litsere, with six genera and about 200 species, is

represented on all the continents except Europe and Africa. Only

9 of these two hundred species are found in the Occident and yet

among these is the monotypic North American genus Sassafras, and
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the genus Sassofridiuiii confined to the American tropics. All of the

other genera are found on more than one continent.

The tribes Apollonieae, Cryptocaryeae and Cassythege are found

on all the continents but Europe. The Laureas are Eurasiatic and

the Acrodiclidieae are confined to Central and South America, except

the genus Endiandra which with i6 species occurs in the East Indies

and Australia.

The problem of correctly identifying leaves of the various genera

of this family is beset with almost unsurmountable difficulties, not the

least of which is due to the wide differences in usage among students

of the recent forms where the whole plant is available for study.

Long-continued paleobotanical practice has been to refer most fossil

leaves that lacked the more apparent characters of Ciniiaiiiomiim or

Sassafras, Persea or Malapccnna, etc., to the comprehensive genus

Lauriis given at a time when Lanrns was used in a comprehensive

sense, and sometimes still more generalized by paleobotanists as

Laurophyllum for lauraceous leaves of uncertain generic affinity and

not necessarily close to the existing species of Lanrns, in fact they

are in general not true species of Lanrns. I have departed from this

practise of describing new species of Lanrns for a variety of reasons

foremost among which is the very great affinities between the Wilcox

flora and the existing flora of the American tropics, the evidence

from the foliage of a large number of genera being coroborated by

fruits or seeds or wood anatomy. I have used this similarity with

a great deal, perhaps too much, confidence and the result has been

that the following stand out as the more important lauraceous types

in the Wilcox flora :

Nearly all are seemingly members of the subfamily Persoidese

and under this subfamily of the tribe Cinnamomese as segregated in

Engler and Prantl's " Naturlichen Pflanzenfamilien."

First the genus Cinnainomnni, usually readily recognized and

certainly represented in our Eocene floras.

Second the genus Persea, represented by the larger and wider

forms with the typical venation of this genus.

Third the genus Nectandra, so abundant and characteristic of

the existing flora of tropical and subtropical America, represented by

several species very close to modern forms.
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Fourth, I have failed to follow the latest usage in recognizing the

genus Ocotea as such, since for obvious reasons it seems better to

recognize the genera Mespilodaphne and Oreodaphne of Nees rather

than to regard them as subgenera of Ocotea. The third subgenus of

Ocotea,—StrycJinodaphne, I have failed to recognize in the Eocene

flora of this area.

The only apparent oddity in distribution shown by the Wilcox

Lauracese in comparison with recent floras of tropical America is the

abundance of Cinnamomum, and this simply adds confirmation to the

well-known fact of the cosmopolitanism of this genus in the early

Tertiary. Grisebach records only 28 species of Lauraceae in his

flora of the British West Indies. Alost of these are not coastal forms

although many have a wide range from lowlands to mountains. As
regards the Lauraceae those of the Wilcox, which number 30 different

forms, are more closely comparable with the more abundant modern

representation of this family in northern South America. This re-

ceives more or less confirmation from a study of the balance of the

Wilcox flora. It would seem from a consideration of all of the

facts that the early Eocene floras of the Mississippi embayment are

much more like those existing at the present time along the Caribbean

sea in Central America and northern South America than they are

like those of the West Indies. I do not mean by this that the Wil-

cox flora has not many points of resemblance to the lowland flora of

the West Indies and that of the Florida keys. They contain very

many common types, but with the following difference. The Missis-

sippi embayment Eocene floras represent a maximum northward ex-

tension of a flora like that which now inhabits northern South Amer-

ica. At the end of the Cligocene with the southward migration

of the temperate Miocene fauna as far as Florida, this flora retired

to the South American mainland and the present flora of the West

Indies, Florida keys, Bahamas and Bermuda represent a later north-

ward migration from that area, a migration in which some of the

W^ilcox types were left behind.

The existing species of Cinnainojiiuii}'^^ number about fifty. They

are confined to the Oriental tropics except for their extension into

the warmer more humid part of the temperate zone in Japan, and

*! Staub, " Die Geschichte des genus Cinnamomum,"' Budapest, 1905.
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they have their chief center of differentiation in the elevated region

of Burma, Siam, Cochin-China and Malaysia, although they are cul-

tivated in all tropical countries and outside the tropics in Europe,

Africa and North America. Their fruits are eaten by birds which

seed them freely so that they commonly escape from cultivation.

Thus Cinnauiouuini Caniphora (Linne) Nees and Eberm. is natu-

ralized throughout peninsular Florida, and the commercial Cinna-

inovmm zeylanicum Breyn., is readily naturalized in the same manner

from the Oriental camphor plantations.

While the data for constructing the geologic history of Ciniia-

moiinim are far from complete there are more known fossil than

recent species and these show, as in the case with so many plant

groups, surprising extensions of range during the Upper Cretaceous

and Tertiary. The original home of the genus is unknown for it

appears in the early part of the Upper Cretaceous at about the same

time in New Zealand, Australia, central Europe, Greenland, North

and South America. The European and North American records

appear to be slightly older than the balance and would indicate that

the Asiatic region may have been the original home of the genus

which spread northeastward across the Behring region to ^America

and northwestward into the European region, the latter largely an

archipelago at that time.

The Eocene records include all of the continents except Antarctica

and South America. The Oligocene records are chiefly European

and African, although the genus is still represented in the Florida

Oligocene. During the ]\Iiocene Cinnamonium was abundant in

Europe and present in Asia but appears to have become extinct in

North xAmerica, at least there are no conclusive North American

records. A number of fruits from the Brandon (A'ermont) lignites

have been referred to Ciniiaiiiouinm but these lignites are in my opin-

ion pre-Miocene in age. The Pliocene records are entirely Euro-

pean and East Indian. The genus appears to have lingered as a com-

mon type in Mediterranean Europe until the changing climates that

ushered in the Pleistocene glaciation caused its extinction, any con-

nected distribution with its present Oriental home across southwestern

Asia having already been interrupted by the orogenic movements and

the development of arid conditions in southwest Asia.
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There are six well-marked types of Cinnainomiiui leaves described

from the Wilcox group, some of them being abundant and generally

distributed, and all but two appear to be new to science. In addition

buds and flowers that suggest this genus are described under the

form-genus Laurophylliini.

There are two species of Persea in the Wilcox flora. Disregard-

ing the fossil forms referred to Laurus in a comprehensive sense

there are about fifty known fossil species of Persea which is about

the number of the existing species. All six of the Upper Cretaceous

forms are American where they are widely distributed. By Eocene

times they had reached Europe and South America and they are

cosmopolitan in the northern hemisphere throughout the Tertiary,

being especially abundant in the Pliocene of the Mediterranean

region. It would seem as if their Cretaceous origin was occidental,

that they spread over the northern hemisphere during the Tertiary

and became restricted to southeastern Asia, the Canary Islands and

America during the Pleistocene.

The genus Ocotea of Aublet with over 200 existing species is, it

seems to me, composite, and I regard Nee's three genera Mespilo-

daphne, Oreodaphnc and Strychnodaphne as distinct. The modern

species of Mespilodaphne are confined to South x^frica and tropical

America. The fossil record is almost entirely merged in the forms

referred to Laurus. I have recognized four well-marked species in

the Wilcox flora. They are abundant types and some range from

the base to the top of the deposits, and along the Wilcox coast from

Mississippi around the head of the embayment and westward to

western Texas.

The genus OreodapJine has been recognized in the American

Upper Cretaceous and throughout the European Tertiary. At the

present time its numerous species are confined to the American trop-

ics. In the Wilcox it has seven well-marked species, which are

abundant individually, some ranging from Mississippi to Texas and

from the base to the top of the Wilcox. The genus is probably

of American origin and it has been a member of the flora of the

American tropics from the Upper Cretaceous to the present.

The genus Nectandra with about seventy existing species con-

fined to tropical and subtropical America probably has its geologic
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history entangled with the fossil forms referred to Laurus. It

occurs in the American Upper Cretaceous and the European and

South American Tertiary. There are at least five characteristic Wil-

cox species some of which were abundant along the Wilcox coasts

and some range from the base to the top of the deposits. Like

Oreodaphne this genus appears to have been of American origin, be-

coming cosmopolitan in the Tertiary and restricted to its original

home during the Pleistocene, where it is still a vigorous and much
differentiated type.

The tribes Eusideroxyle?e, Litseese, Apolloniese, Acrodiclidiese,

Laureee and Cassythese do not appear to be represented in the Wilcox

flora although the Litseese are represented in the Upper Cretaceous

of the ^Mississippi embayment area and the Laurece are common in

the American Upper Cretaceous.

The tribe Cryptocaryese, now largely American, is represented in

the Wilcox by a single well-marked species of Cryptocarya. The

existing species of Cryptocarya number about 40 of which ^ are

South American and the balance Oriental. Only two or three fossil

species are known. These come from the Tertiary of Australia and

the Pleistocene of Java.

The form genus Laurus which serves to render insecure the

discussion of the geologic history of the preceding genera includes a

very large number of fossil forms of which no less than 25 are

Cretaceous, the oldest being from theAlbianof France and Portugal.

Species of Laurils are abundant throughout North America in the

Cenomanian, ranging northward to Greenland and also occurring in

Europe and Australia. They have over a score of species in the

Eocene and with a similar wide range. The 30 or more Oligocene

species are confined to Europe. Over 30 ISIiocene species are con-

fined to Europe and America and the score of Pliocene species are

Mediterranean and largely Italian.

I will mention only one other genus since it definitely shows a

past history that is probably typical of a large number of genera of

Lauracese. The genus Sassafras.*- monotypic and confined to North

America in the existing flora, belongs to a large tribe—the Litseese,

which today is chiefly Oriental, ranging from Asia through Alalaysia

4- See Berry, Bot. Gaz., Vol. 34, 1902, pp. 426-450, tf. 1-4, Pi. 18.
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to Australia. Sassafras has well-marked foliar characters of both

form and venation that render it readily recognizable in the fossil

state. Upwards of two score fossil forms have been described. The

oldest of these are three well marked species in the Patapsco forma-

tion (Albian) of the Middle Atlantic slope in Maryland and Vir-

ginia. A species is recorded from this horizon in Portugal but the

identification is very doubtful as is that of a Cenomanian species

described from Bohemia, which latter probably represents the genus

Sterciilia. In America on the other hand the genus is widespread

and well dififerentiated at the base of the Upper Cretaceous, rang-

ing from Greenland along the coast and in the interior to South

America and with about a dozen known species. By Eocene times

Sassafras had reached Europe'*^ probably by way of the Arctic

regions, where it has been found throughout the Oligocene and Mio-

cene. In the Pliocene the European forms had retreated southward

but remained common in Italy, France and Spain. The glaciation of

the Pleistocene caused their extinction on that continent, the single

existing species surviving today in the original home of the genus.

The order Myrtales as developed in the Wilcox flora contains n
species of Myrtacese, 9 species of Combretacese, i species of Trapa-

cese and i species of Melastomacese, as against over 7,000 species

in the existing flora.

The family Myrtacese has over 3,100 existing species separated

by taxonomists into 2 subfamilies. The first of these the Myrtoidese

with 32 genera and about 2,400 species comprises mostly tropical

forms of which over 75 per cent, are confined to the w^estern hemi-

sphere. There are over 200 in Asia, one of which extends into

southern Europe, about 75 in Africa, about 200 in Australia, and

about 60 in Oceanica. Nineteen of the genera are confined to Amer-

ica and these include the only monotypic genera in the subfamily, three

in number, as well as large and greatly difi^erentiated genera like

Myrcia with upwards of 450 species. The two other large genera,

Myrtns with 178 species and Eugenia with about 1,300 species, are

the only two genera found on all the continents and in these two

genera America furnishes 135 species of Myrtns and 850 species of

Eugenia, or over 60 per cent. The second subfamily, the Leptosper-

*2 A very doubtful form is recorded from Australia.
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moide?e, comprises the Leptospermse with 28 genera and about 700

species and the Chamjeleiicieje with 12 genera and about 165 species.

Both of these tribes are even more strikingly Australian than the

]\Iyrtoides are American. The Chamnseleucieje are entirely Aus-

tralian and mainly confined to western Australia. The Leptospermse

have a single monotypic genus in Chili and the distribution of the

other members of this tribe suggest the probability that it should

be placed in some other alliance, since with the exception of Metro-

sidcros, which is represented in Africa, and the genus Bacckca which

reaches the Asiatic mainland, all of the genera are confined to Aus-

tralia or the surrounding islands southeast of Asia.

In a recent paper Andrews** has presented some interesting sta-

tistics of distribution and an ingenious theory of the history of the

family. He considers that the original stock was arborescent or

shrubby with entire, simple, opposite, penniveined leaves with dots

and intra-marginal aerodrome veins ; with the calyx lobes and petals

imbricate, probably in fives : flowers regular, solitary or in cymes

;

stamens indefinite, numerous, free, with versatile, 2-celled anthers

;

ovary inferior with two or more cells; style simple; fruit inferior,

crowned with persistent limb of calyx, indehiscent, succulent or fleshy

(rarely dry); albumen none; cotyledons thick and fleshy, with a

short radicle.

From the character of Cretaceous climates this or some other

theoretical prototype flourished in a mesophytic environmen^t.

Among modern groups the nearest approach to this theoretical stock

is furnished by the ]\Iyrtoide?e which are fleshy fruited, most numer-

ous in species, and widely spread in the equatorial regions, with over

75 per cent., however, confined to America. The existing Myrtacese

with capsular fruits representing the extreme of specialization in the

family are Australian while the Chamaelaucieze standing in an inter-

mediate position between the two preceding groups are almost wholly

confined to western Australia.

These are the facts of modern distribution. Their interpretation

may be various. Andrews (op. cit.) from a study of the present dis-

tribution, geologic climates and the geological history of the Austra-

** Andrews, E. C, "The Development of the Natural Order Myrtacese,"

Proc. Linn. Soc. N. S. Wales, Vol. 38, Pt. 3, 1913, pp. 529-568.
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lian region, concludes that the Leptospermoideae orighiated from

the Myrteas, and that the Cretaceous forms were widespread which

latter was undoubtedly the case. That before the separation of

Australia from the Asiatic mainland fleshy-fruited forms found

themselves in a region of warm moist climate but relatively poor soil

and that it was this edaphic factor that was the principal stimulus to

the differentiation of the Leptospermoideae, which with the exception

of the genus Metrosideros show adaptations to poor soil and temper-

ate or dry climates and this exception explains the relatively wide

distribution of Metrosideros from Asia to the Fiji Islands. The

Eiical\ptits forms according to the view of this student were derived

from Metrosideros after the separation of New Caledonia from

Australia and the latter continent from Asia. To support this latter

point Andrews is obliged to consider all of the Cretaceous identifica-

tions of Eucalyptus and all of the Tertiary identifications outside

of Australia as equally misleading. With regard to the presence of

Eucalyptus in North America I think this contention to be not un-

likely, for although in accordance with paleobotanical usage, I have

identified numerous forms of Eucalyptus in the North American

Upper Cretaceous, I have long thought that these leaves represented

ancestral forms of Eugenia or Myrcia, but have hesitated suggesting

any change in nomenclature from the havoc it would play with strati-

graphic paleobotany.

The supposed American Cretaceous fruits of Eucalyptus have

long since been shown to be referable to Dammara-\\kt forms and in

my studies of the Tertiary flora I have scrupulously refrained from

referring any of the numerous myrtaceous leaves to the genus Euca-

lyptus. Regarding the possible occurrence of Eucalyptus in Eu-

rope I am not sure that the identifications of Heer,Unger and Ettings-

hausen are erroneous. Certain remains considered as Eucalyptus

fruits seem very convincing from the published figures and there is

not the slightest doubt that the other great modern Australian alli-

ance—the Proteaceae—was represented in both Europe and America

during the Cretaceous and Tertiary. There is one additional argu-

ment against the Cretaceous radiation and the paleobotanical deter-

mination of Eucalyptus and that is the great persistence of the

peculiar juvenile, opposite, cordate, sessile and horizontal leaves which
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must represent an ancestral character of long standing before the

evolution of the falcate leaves of the genus with twisted leafstalks

and other xerophytic features.*'

I have dwelt at some length on this question because of its phylo-

genetic importance and the possible bearing of the Wilcox flora on

this point. In considering the morphology of the existing species,

Eugenia has many claims to be considered the most primitive al-

though Myrcia is almost equally old and is certainly closely related to

Eugenia. Among the numerous Cretaceous fossils from North

America now referred to Eucalyptus there is not a single one that

does not exhibit characteristic features of Eugenia or Myrcia, espe-

cially the latter, a fact greatly impressed on me in handling a large

amount of recent material during my study of the Wilcox forms.

In the Wilcox flora there are six well-marked species of Myrcia

and four nearly equally well marked species of Eugenia as well as a

single species of Calyptranthcs. The latter genus appears also to be

represented in recent collections from the Isthmus of Panama.

Without pursuing the subject beyond the known facts, confessedly

meager, and noting the presence in the Wilcox flora of numerous

Combretacese and a representative of the great tropical i2Lra\\\ Melas-

tomacecc, largely American in the existing flora, both of which are

families closely related morphologically to the Alyrtaceae, it would

seem that the known facts, as well as the law of probabilities, sug-

gest America as the original home of the family. That it reached

Europe either by way of Asia or the North Atlantic plateau early in

the Upper Cretaceous and became cosmopolitan before the close of

the Cretaceous. During the late Tertiary this ancestral stock, which

largely coincided with the existing subfamily JNIyrtoidese, was forced

to withdraw from temperate North America to the American tropics,

where it had originated and to which it has since been so largely

confined. The types peculiar to the Australian region represent the

relics of the Cretaceous radiation with numerous new types evolved

on that continent as Andrews has suggested. This is exactly the

4-^ See Deane, H., " Observations on the Tertiary Flora of Australia,"

Proc. Linn. Soc. N. S. Wales, Vol. 15, 1900, pp. 463-475; Cambage, R. H.,
" Development and Distribution of the Genus Eucalyptus,'" Presidential Ad-
dress, Jour. Proc. Roy. Soc. N. S. Wales, 1913.

PROC. AMER. PHIL. SOC, LIII, 214, O, PRINTED JULY I4, I914.
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reverse of the hypothesis proposed by Deane (op. cit.) but one that

accords far better with the facts not only of geologic history, but

with those of existing distribution.

As is pointed out in the systematic part of this work all of the

Wilcox forms are coastal types closely related to existing American

species of similar habitat. About 150 fossil forms have been re-

ferred to the Myrtaceae, one third at least having been described as

species of Eucalyptus. At least half of these occur in the Cretaceous

of all parts of the world, but particularly throughout the northern

hemisphere. They are especially well represented in North Amer-

ica and the possibility that they are ancestral forms of Myrcia or

Eugenia has already been pointed out. A similar widespread distri-

bution but less specific variation characterizes the Eocene forms that

have been referred to Eucalyptus. The Oligocene records are all

European and the Miocene records include both Europe and Asia.

The genus Myrtiis has about 24 fossil species, all European, the

majority being almost equally divided between the Oligocene and the

Miocene. The oldest forms are early Eocene but the form-genus

Myrtophyllmn Heer has several Upper Cretaceous species in Eu-

rope, America and Australia, as well as Tertiary species in Europe,

Asia and South America.

The genus Myrcia DC. so well represented in the Wilcox flora

has species in the European Oligocene, four species in the early Ter-

tiary of Chili and one in the Pliocene of Brazil.

The genus Eugenia, also prominent in the Wilcox flora, has its

oldest known species in the Dakota sandstone. It is represented in

Europe throughout the Tertiary from the lower Eocene to the

Pliocene.

The genus Callistemon R. Brown has been identified in both the

Upper Cretaceous and Tertiary of Europe and no less than 25 spe-

cies have been referred to the genus Callistcmophyllum Ettings-

hausen. These include Upper Cretaceous forms in America and

Europe, Eocene forms in Greenland and Australia, and numerous

Oligocene and Miocene species in Europe.

Leptospermum,Leptospermites and Lcptosl^cnnocarpuinha.ve.heen

identified from the Upper Cretaceous and Tertiary of Europe : Tris-
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tania-like fruits have been described as Tristanites by Saporta from

the lower Pliocene of France: the genus Psidium Linne, with about

loo modern species in the West Indies and Mexico, is represented in

ChiH by an early Tertiary species : and finally the genus Metrosi-

deros has been identified in the Atane beds of Greenland and in both

the Oligocene and Miocene of Europe.

The family Combretacese (Terminaliacese) embraces about i6

genera and 285 existing species of shrubs or trees and tropical

vines, with simple, entire, coriaceous, persistent, exstipulate, alternate

or opposite leaves. The inflorescence is racemose or capitate and

the flowers are regular, perfect or polygamous, often apetalous. The

stamens are two or three times as numerous as the petals and the

one-celled ovary develops into a drupaceous or berry-like indehiscent

fruit, often crowned with the accrescent calyx and containing a soli-

tary seed without endosperm.

The existing species are all tropical or subtropical, ranging from

34° north to 35° south latitude, and a relative large number are lit-

toral or strand types. The various continental areas have the fol-

lowing peculiar species: America 75, Africa 85, Madagascar 36,

Asia 57, Australia 23. About ten or a dozen species are found in

more than one area, there being a remarkable identity between the

American tropics and those of West Africa, the genera Cacoucia,

Conocarpns and Laguncularia having identical species in both

regions.

The geologic history of the family is most incomplete, but it is

exceedingly prominent in the Wilcox flora where it is represented

not only by characteristic leaves but by flowers and fruits. No spe-

cies are certainly known from horizons as old as the Upper Creta-

ceous although a species of Termanaliphylluin has been described

from the Perucer beds (Cenomanian) of Bohemia and a species of

Conocarpites from the Tuscaloosa formation of Alabama. So far

as I know there are no authentic occurrences as old as those of the

Wilcox. In this flora there are three well-marked species of Com-

bretum^ a genus with about 130 existing species found in all tropics

except Australia and Polynesia. Over thirty of these are endemic

in South America and their abundance in the Wilcox as well as the
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occurrence of a species in the early Tertiary of Chili strongly suggests

that the genus is of American origin. This statement as well as the

determination of the Wilcox species receives confirmation in the re-

markably preserved flower from these beds described as Combretan-

thitcs. Combrctum has been recorded from the Miocene of Switzer-

land and Germany, and from the Pliocene of Italy. It occurs in the

Claiborne group of the ]\Iississippi embayment and Felix has de-

scribed petrified wood from the supposed Eocene of the Caucasus

which he calls Combretacininm.

The genus Conocarpus Gsertner, a member of the tropical man-

grove association, has a well marked species in the Wilcox flora

which is supposed to be descended from the Conocarpites described

from the Tuscaloosa formation in this same general region. Another

species very close to the modern form of the American tropics oc-

curs in the Claiborne group. Conocarpus fruits have also been de-

scribed recently from the Aquitanian of Rhenish Prussia.

The genus Lagnncularia Gsertner, monotypic in the mangrove

association of America and the west coast of tropical Africa, is rep-

resented by both leaves and fruits in the Wilcox flora. The only

other genus of Combretacese with known fossil representation is

Terminalia Linne It is a large genus in the existing flora with over

one hundred species almost equally divided between America, Asia,

Africa and Australia, several of the species being very wide-ranging

littoral types. There are three Wilcox species, based on both leaves

and fruit. One of the species makes its appearance in the underly-

ing Midway group of the Western Gulf region, possibly representing

the beginning of its extension northward along the coast in the em-

bayment region from tropical America.

Five Oligocene species of Terminalia have been described from

Europe, the determinations resting on both leaves and fruits, and the

occurences ranging from the Sannoisian to the Chattian and geo-

graphically from southeastern France to Greece. There are seven

well distributed Miocene species in Europe, as well as Pliocene

species in both Spain and Italy along the shores of the Pliocene

Mediterranean Sea. A supposed Pliocene species is also recorded

from Bolivia.

i
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While future discoveries will have to greatly amplify the fossil

record before the history of the family in past times can be traced

with any degree of surety, the remarkable display of these forms

in the Mississippi embayment region, evidently derived from the

American tropics, gives a large amount of probability to the theory

that the family originated in the American tropics during the

Upper Cretaceous.

The genus Trapa Linne, formerly included in the family Ono-

graceae, is now made the type and only genus of the family Hydro-

caryace?e (Trapace^e, Dumort, 1827). There are three existing

species, all aquatics, and all confined to the old world except for

the naturalization of Trapa iiatans Linne, in New England and

New York. The latter species is found irregularly scattered through-

out central and southern Europe, its area of distribution being a

contracting one as shown by its occurrence in post-glacial deposits

at very many localities beyond its present range in Russia, Finland,

Sweden and Denmark. The two other existing species are Trapa

bicornis Linne of China and Trapa bispinosa Roxburg of south-

eastern and southern Asia (said also to occur in xA.frica).

The genus has an extended geological history. Rosettes supposed

to represent the floating leaves (Trapa ? microphylla Lesq., and

Trapa ? cuneata Knowlt.) are widespread in the Rocky Mountain

province in beds of late Cretaceous and early Tertiary age. The oldest

recognizable fruits are a large bi-cornute form from the Eocene of

Canada and Alaska and Trapa wilco.vciisis Berry found in the Wil-

cox flora. An Oligocene species (
Trapa Crcdncri ) Schenk has

been described from Saxony, and no less than seven species have

been described from the Miocene—two occurring in Idaho (Payette

formation), one in Japan and the balance in Europe, where two

species continue into the Pliocene. A species from the late Pliocene

of America is found in southern Alabama. The existing Trapa

nataiis has been recorded from the preglacial beds of England and

Saxony and from very many interglacial and postglacial deposits in

Portugal, Italy, Netherlands, Germany, Sweden, Russia and Den-

mark, Gunnar Andersson in a recent paper (1910) mentioning 18

localities in \Vest Prussia, 6 in Denmark, 17 in Sweden and 29 in

Finland.
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The family Melastomacese is a relatively large one with about

150 genera and over three thousand existing species. It is almost

strictly tropical although some members range southward to 40°

south latitude. It is a typically American family, seven of the fifteen

tribes into which the family is divided being confined to tropical

America, and about 2,500 of the existing species being also endemic

in this region. While the geologic history of this vast assemblage of

forms is practically unknown, there is no evidence to disprove the

theory that it, like the allied families Combretacese and Myrtaceae,

had its origin in that most prolific region—the American tropics.

The few fossil forms that have been found, including leaves,

flowers and calices, have been referred to the form-genus Melasto-

mites first proposed by Unger. A doubtfully determined species,

which probably belongs to the Lauraceae, had been recorded from the

Upper Cretaceous of Westphalia. The only known Eocene species

is the well-marked form present in the Wilcox flora. Four Oligocene

species have been described from Bohemia, Styria and Egypt; four

Miocene species from Switzerland, Prussia and Croatia ; and a

Pliocene species from Italy.

The order Umbellales (Umbelliflorae of Engler) includes but

three families—the Araliacese, Umbelli ferae and Cornacese, together

with upwards of 3,000 existing species of which more than two-

thirds belong to the Umbelliferas. The three families are closely

related and stand somewhat apart from the rest of the choripetalous

orders. While undoubtedly there has been great specific variation in

very modern times especially among the herbaceous forms of Umbel-

liferse, some members of the alliance go back as far as undoubted

dicotyledons have been found, and this fact is one of the strongest

arguments for considering its relationships to the Gamopetala to be

less close than some botanists have suggested, a suggestion based

primarily on a consideration of the floral structures apart from the

morphological features of the whole plants As regards floral evo-

lution the Umbellales clearly mark its highest expression among the

Choripetalas and parallel the Gamopetalae. The flowers are epigy-

nous, with cyclic stamens, reduced carpels, and often reduced sepals.

The Araliaceas and Cornacere are both positively and the Umbel-

liferae doubtfully represented in the Wilcox flora.
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The family Araliacese contains about 52 genera and 500 existing

species, chiefly inhabitants of the tropics, the notable exceptions to

this statement being in North America and eastern Asia. The

modern center of development is in the Asia-Australia region, no

less than t,;^ genera being confined to Asia, Malaysia, Australia or

Polynesia. Africa has three peculiar genera with about 30 species

;

America has five peculiar genera with about 100 species. The genus

Schefflera is cosmopolitan. Hedera and Polycias occur in Eurasia

and Africa. Two genera are common to Asia and America and

Aralia adds Australia to a similar distribution. Pseudotenax with

about six species is peculiar to western South America and New
Zealand.

The fossil record is not nearly as complete as it should be to

afford a secure basis for generalizations. A number of genera are

found, however, in the oldest deposits in which undoubted dicoty-

ledons are known. The largest genus is Aralia, commonly used by

paleobotanists as a form-genus for generically unidentified species

of Araliacese, rather than for forms falling within a strict modern

definition of Aralia. No less than fifty species of Aralia have been

described from the Cretaceous. Two of these come from horizons

as old as the Albian of Portugal. In beds of similar age in eastern

America (Maryland and Virginia) there are two well-marked species

referred to Aralicephylliim and clearly ancestral to the numerous

species of Aralia so common in the Upper Cretaceous of the latter

region. Very similar, in some cases identical, forms are found in the

Cretaceous on both sides of the Atlantic. There are fifteen species

in the Perucer beds (Cenomanian) of Bohemia and Moravia and a

like number in the Dakota sandstone of the western United States,

while along the east coast there are nine species in the Raritan forma-

tion, eight in the Magothy formation, and one each in the Black

Creek formation of North Carolina, the Eutaw formation of Georgia,

the Tuscaloosa formation of Alabama and the Woodbine sand of

Texas. In Greenland there are two species in the Atane beds and a

third in those of Patoot. In the younger Cretaceous there are two

species in Bohemia, two in Westphalia and one in Colorado. Aus-

tralia has a species and ten supposed varieties of Aralia in the Upper
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Cretaceous beds of that country. In addition to the foregoing dis-

play, the allied genus Araliopsis (Berry 1911) has a number of well-

marked species in the Raritan, Magothy and Dakota formations, so

that it must be conceded that the araliaceous stock was well differ-

entiated and cosmopolitan before the close of the Cretaceous.**'

There are over a score of Eocene species of Aralia, they being

especially common in the Fort Union of the western United States,

the Paleocene of Belgium, and the Eocene of Australia. The three

Wilcox species are not common—two of them are common Fort

Union species and the third was described originally from western

Greenland. In addition there are species in the Denver formation,

the Green River formation, in Oregon, New Zealand, Italy, and the

south of England.

There are upwards of twenty Oligocene species, especially in the

Sannoisian of southeastern France from which 14 species have been

described. All of the other Oligocene records are also European.

There are also about twenty Miocene species distributed over

North America, Europe and Asia. Some of the California species,

e. g., Aralia Whitneyi, are clearly ancestral to existing Asiatic east-

coast forms. A fruit {Aralicccarpum) is described from the ^Miocene

of Prussia. There are in addition between 15 and 20 fossil species

of Aralia more or less doubtfully connected with other genera of the

family, e. g., there is a species of Arthrophylliim doubtfully identified

from the upper Oligocene of France; a species of CepJialopanax ( ?)

is recorded from the lower Miocene of France ; several forms of

Sciadophyllum (?) occur in Greenland, Bohemia and France; and

Paratropia ( ?) is recorded from the Paleocene, Oligocene and Mio-

cene of France and the Miocene of Bohemia.

There are two species of Oreopanax in the Wilcox flora, one of

them exceedingly well marked and clearly referable to the section

Digitatse of Oreopanax. The latter genus has about eighty existing

species with simple, lobate and digitate leafed sections confined to

tropical America but present in the Paleocene, Tongrian and Aqui-

tanian of France. The modern Asiatic genus Acanthopanax De-

caisne and Planchon has Oligocene species in France and Germany,

and a Miocene species in Japan.

^^ See Berry, " Aralia in American Paleobotany," Bot. Ga::., Vol. 36, 1903,

pp. 421-428.
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The genus Panax Linne with about six existing species in Asia

and Xorth America has furnished a number of fossil forms based

on numerous characteristic fruits as well as leaves. It is represented

from Greenland to Alabama along the west coast of the Atlantic

and in the Perucer beds of Bohemia (Araliphyllum) . It has five

species in the Oligocene of Europe and six Miocene species in

Europe and Colorado. The genus Cnssonia Thunberg with about

25 African species in the existing flora is doubtfully recorded from

the Albian of Portugal. It is present in the Perucer beds of Bohemia

(Ctissoniphyllum) and in the Oligocene of France and Greece.

The genus Hedera Linne with only three existing species of

Europe, Asia and Africa has numerous and well-defined fossil

forms.*" Xo less than fifteen have been described from the Upper

Cretaceous of both America and Europe. There are about seven

Eocene species in Greenland, Alaska, the Fort Union of the western

United States, and in the Paleocene of Belgium and France. The

genus remains common during the Tertiary in Europe and is present

in America as late as the Upper Miocene lake of Florissant, Colorado.

The anecestor of the existing Hedera helix Linne occurs in the

Pliocene of central France and the modern form itself is found in

the Pleistocene of England, France and Italy. A species of Polyacias

occurs in the Pleistocene of Java associated with Pithecanthropus

erectus.

The family Umbelliferse with 170 genera and upwards of two

thousand existing species is distinctly an extratropical family with

numerous boreal forms. The majority are herbaceous and of rela-

tively modern origin. It is very sparingly and doubtfully represented

in the fossil state and the only Wilcox form that suggests such an

affinity is the fruit described as Carpolithus prangosoides which

greatly resembles those of the existing genus Prangos Lindley.

The third family of the LTmbellales, the Cornace?e, is a relatively

small one, with only sixteen genera and about 100 existing species,

mostly of the temperate zone. The fossil forms are confined to the

two genera Corniis and A^yssa. Cornus has about 40 existing species

of herbs and small trees mostly confined to the north temperate zone

*' The forms from the Potomac group of Maryland and Virginia de-

scribed by Fontaine as species of HederaphyUiim are entirely worthless.
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in Eurasia and North America but represented in Mexico, and with

a single species in Peru. Over fifty fossil species have been de-

scribed. There are at least twelve in the Upper Cretaceous, all con-

fined to North America and ranging from Greenland to Alabama.

There are about a dozen Eocene species in America, Europe, and the

Arctic, one of these is sparingly represented in the Wilcox flora.

Oligocene records are few in number but over 25 Miocene species

have been described, the genus being particularly abundant at this

time throughout central Europe but also represented in both North

America and Asia. About five Pliocene species are recorded from

Spain, France, Italy and Japan and the genus has afforded Pleisto-

cene material in New Jersey, Holland, England, etc.

The genus Nyssa Linne (including also Nyssidium Heer and

Nyssites Geyler and Kink.) comprises about seven existing species

ranging from shrubs to large trees, natives of southeastern North

America and eastern and central Asia. It has furnished over fifty

fossil forms, the majority being based on the characteristic costate

stones. The oldest known forms are from near the base of the

Upper Cretaceous (Dakota, Tuscaloosa) of North America. By

Eocene time Nyssa had reached Alaska, Greenland and Europe.

There are two characteristic species in the Wilcox, both based on

stones, and a third occurs in the overlying deposits of the Claiborne

group. In the lignite deposit of Brandon, Vermont, of uncertain

but probably early Tertiary age, no less than eighteen so-called

species of stones have been described, and while doubtless the specific

differentiation is overrefined, it emphasizes the abundance of Nyssa

in New England at that time. Nyssa is abundant in the European

Oligocene and there are Miocene species in New Jersey, Virginia,

Europe, and Asia ; and a Pliocene species occurs in Alabama. Some

of the modern species are common in the Pleistocene of this country

from New Jersey southward.

While much remains to be learned regarding the history of the

Cornacese it seems clear that the two genera Cornns and Nyssa which

have yielded fossil forms are both types that appear to have origi-

nated in North America during the Cretaceous.

No family of the Choripetalse has succeeded in maintaining a
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world-wide distribution as have several families of Monocotyledonse

and Gamopetalse. No distinctly boreal group has been developed as

among the Gamopetalse (Ericales). Certain great families charac-

terize the north temperate region and these are all herbaceous forms

believed to be of relatively recent origin, e. g., Polygonaceae, Caryo-

phyllaceae, Cruciferse, Saxifragacese, Onagrace?e and Umbelliferse.

While aquatic forms are common this habit does not characterize

whole families as among the Monocotyledon^e. The Choripetalse

predominate in the American tropics and many of the families

present in the Wilcox flora have been shown to have probably origi-

nated in that region.

The second grand division of the DicotyledoncX, the Gamopetalse

(Sympetalse), constitute a rather well-defined group, presumably de-

rived from the Choripetalse, and characterized by a complete cyclic

arrangement of the floral parts, a usually gamopetalous corolla,

ovules with a small nucellus and usually a single integument. It

contains nine or ten orders and upwards of 50,000 existing species.

The majority of the orders appear to be more compact and natural

groups than the corresponding alliances among the Choripetala;.

The Ericales, Primulales and Ebenales are pentacyclic and isocarpous,

while the Gentianales, Polemoniales, Personales, Plantaginales, Rubi-

ales, Valerianales and Campanales are tetracyclic and anisocarpic,

the last three orders being epigynous.

The alliance predominates in herbaceous forms and several of

the families are distinctly boreal. While the Compositae, Labiat?e

and Plantaginacese are of world-wide distribution there are no

notable continental pairings such as is usually the result of an

extended geologic history. These and many other facts suggest that

the Gamopetalse as a whole, especially the more evolved, herbaceous,

extratropical families, are of relatively modern origin whose major

specific differentiation was concomitant with the occupation of the

temperate zones after the retreat of the Pleistocene ice-sheets.

From the viewpoint of floral structures the so-called Compositse

are clearly the culmination of the evolution of floral structures. This

is shown not only by their gamopetaly, epigyny, connivent anthers,

and the formation of seedlike fruits with a pappus, but by the com-

plex flowerhead, the prevalence of diclinism, the dimorphism of the
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corollas and other special features. This theorem is corroborated

by the in general modernness of the alliance.

Six of the Gamopetalous orders are represented in the Wilcox

flora. The first of these, the Primulales, in its fullest development in

existing floras includes the three families Myrsinacese, Primulacese

and Plumbaginaceje. They are structurally much alike with a single

cycle of stamens opposite the petals, and a unilocular ovary with a

free central placenta. This community of floral organization can

only be attributed to convergence and not to filiation since the Myr-

sinacese are old forms which in modern floras are predominantly

tropical and American while the Primulacese are chiefly north tem-

perate and boreal herbs of relatively recent evolution : and the Plum-

baginace?e are very modern halophytic herbs and undershrubs of

salt beaches and steppes, the majority being found in the Alediter-

ranean and Caspian regions.

The Myrsinacese, the only family represented in the Wilcox flora,

is characterized by alternate, simple, coriaceous, punctate, exstipulate

leaves ;
perfect, regular flowers ; and single seeded drupaceous fruits.

The family contains about thirty genera and 530 species of shrubs

or trees, largely tropical and predominantly American. Thus eleven

genera containing upward of 200 species are peculiar to America

while there are only four genera with less than a dozen species

peculiar to Asia, and three genera with about 100 species peculiar

to Africa.

The genus Myrsine Linne is found on all the continents except

Europe and in Polynesia. Its distribution is extratropical in the

African region. Euardisia Pax is found in all tropics. Maesa For-

skal is found in all oriental tropical countries as is also the monotypic

genus Mgiceras Gsertner, a member of the coastal mangrove associa-

tion. The genus Cybianthiis Martins, largely South American, has

species in the Philippines and in New Grenada. There is little that

is significant in the recent distribution of the family and the fossil

record is very incomplete.

Over seventy-five fossil forms have been referred to Myrs'mc.

The oldest are the seven or eight forms recorded from the Upper

Cretaceous. All of the older of these (Cenomanian) are from North

America and only one from the Turonian of Bohemia occurs in the
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European Upper Cretaceous. The American forms are not varied

specifically but are wide ranging and common, extending from the

Atane beds of Greenland along the Atlantic coast to the Tuscaloosa

formation of western Alabama as well as in the Dakota sandstone

of the western interior.

The recorded Eocene species of Myrsine number seven or eight

and include an Australian form, one in the early Eocene of Alum

Bay, three in the upper Eocene of France, and two in western Alaska.

Myrsine is exceedingly varied and abundant during the Oligocene

throughout southern Europe, over thirty species having been de-

scribed, of which eleven occur in the basal Oligocene of southeast-

ern France (Sannoisian). There are upwards of thirty ^Miocene

species throughout Europe, one in Colorado being the only known

American occurrence. Several species linger in the Pliocene of south-

ern Europe in France and Italy and one species is present in the Pli-

ocene of Brazil. 'In addition to the forms referred to Myrsine sev-

eral forms from the European Tertiary have been referred to the

form-genus Myrsiiiites. Ettingshausen recorded a species of Pleio-

merites from the Miocene of Bohemia; and the genus Maesa For-

skal, which has about 40 modern species in Asia, Africa, Australia

and Polynesia, is represented in the Oligocene of Transylvania and

Egypt and in the Miocene of Styria.

The genus Ardisia Swartz (including .Irdisiopliylliiin Geyler)

has furnished about a dozen fossil species, the oldest of which, a very

doubtfully determined form, comes from the Turonian of Bohemia.

There is an Eocene or Oligocene species in Chili, three Oligocene

species in Bohemia and one in Transylvania. There are four Plio-

cene species in France, Bohemia and Styria ; and Pliocene species in

Italy and Borneo.

The genus Icacorea Aublet is the only member of the Myrsinacese

found in the Wilcox flora. The genus has numerous existing spe-

cies confined to South xAmerica. The fossil record is meager but

includes two or three species of the European Oligocene. The Wil-

cox species is thus considerably older than any European occurrence.

It represents a form which is very close to the modern Icacorea pan-

iculata Sudworth, a shrub or slender tree of the Florida kevs, Baha-
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mas, Cuba and the east coast of southern Mexico. In addition to

the foregoing records at least four kinds of flowers have been de-

scribed from the Baltic amber (Sannoisian). These are Berendtia

Goeppert (2 species), Myrsiiiopsis Conwenz, and Senaelia Goeppert,

While the geologic history of the family is thus so incomplete it

is not without significance in this case as in the case of so many fami-

lies previously discussed, that a predominantly American family in

the existing flora has its oldest known fossil occurrences in the basal

Upper Cretaceous of North America.

The order Ebenales includes the families Sapotaceae, Ebenaces,

Styracacese and Symplocace^, together with upward of one thou-

sand existing species, the larger families being the Sapotaceae and

Ebenace£e, both of which are represented in the Wilcox flora, while

the other two families are sparingly represented in the European

Tertiary. There is considerable range in floral structures from

indefiniteness in the number of stamens and carpels and polypetaly,

to a 4 to 8 cyclic arrangement, which leads floral morphologists to

consider the order as among the most primitive of the Gamopetals.

The family Sapotaceae comprises trees or shrubs with a milky

juice and with alternate, simple, entire, mostly coriaceous, petiolate,

exstipulate leaves. It contains about thirty-two genera and nearly

four hundred existing species of all tropical countries. About half

of the existing species are American. There are eleven genera con-

fined to America, seven to Africa, three to Australia, two to New
Caledonia, two to Asia and Malaysia, two to Malaysia and one to

Asia. The three large genera, Sidcro.vylon, CJirysopJiyllnm and

Mimusops, are represented in all tropical countries. There are four

genera and twelve species represented in the Wilcox flora. The

largest of these genera is Bumelia Swartz with six well-marked Wil-

cox species. Bumelia with about a score of species is confined to

America in the existing flora, ranging from the southern United

States through the West Indies and Central America to Brazil. It

has numerous fossil species, the oldest coming from the Upper Cre-

taceous (Dakota sandstone) of the western interior. In addition

to the six Wilcox species, which are prototypes of still existing forms,

there are two Eocene species (Ypresian) in southern England.
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There are about a dozen Oligocene species, ten of which are wide-

spread in Europe, one is found in the Apalachicola group of west-

ern Florida and two forms, representing both leaves and fruit, are

found in the Vicksburg group of Louisiana and Texas. There are

seven or eight Aliocene species widespread in Europe and one is re-

corded from the late Miocene of Colorado.

The genus Chrysophylliim Linne with about sixty existing species

found in all tropical countries, but the majority American, has a

supposed species in the Upper Cretaceous of Saxony (Nieder-

schoena) ; a well marked species in the Wilcox flora; three Oligo-

cene and six Miocene species in Europe.

The genus Mimusops Linne with about 40 existing species in all

tropics has three well-marked Wilcox species and a fourth in the

overlying Claiborne deposits. To it has been referred a species from

the Upper Cretaceous of Saxony (Niederschoena) and it is undoubt-

edly represented in the Upper Cretaceous of the embayment region

as well as elsewhere by the leaves that have been referred to the

form-genus Sapotacites.

The genus Sideroxylon Linne, with about eighty existing species

in the oriental tropics and about fifteen in the American tropics,

has two species in the Wilcox flora which are the oldest thus far

discovered. To this genus have been referred four Oligocene and

one or two Miocene species from Europe.

Isonandra Wright a small modern genus of the Malayan region

is represented in the Tertiary of Borneo by Isonandrophylhim Gey-

ler; the genus Achras Linne (Sapota Plumier), now monotypic in

the West Indies, has three species in the European Miocene ; Laba-

tia Swartz, with six existing species in the American tropics, has

been doubtfully determined in the Miocene of Prussia and Italy;

and Felix has described two forms of petrified wood which he refers

to this family under the name Sapotoxylon, one species from Ger-

many and the other from an unknown locality and horizon.

A large number of fossil forms of Sapotacese have been referred

to the form-genus Sapotacites proposed by Ettingshausen (also Sapo-

tophyllum). There are at least ten Upper Cretaceous forms wide-

spread in North America and represented in Europe in the Perucer
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beds of Bohemia and the Credneria stage of southern Saxony (Ceno-

manian). Three of these Upper Cretaceous forms are from the

Tuscaloosa formation of Alabama and undoubtedly represent the

ancestors of some of the Wilcox forms. There are about ten re-

corded species of Sapotacitcs in the Eocene of Australia, France and

southern England. There are about a score of species in both the

Oligocene and Miocene, most of which are European. . There is,

however, an undescribed species in the Apalachicola group of west-

ern Florida. In the Pliocene there are species in southern Europe

and on the island of Java.

Notwithstanding the incompleteness of the record it is obvious

that the family became well differentiated during the Upper Creta-

ceous and while it would not be safe to assign its place of origin to

the American region, it is probable that at least several of the genera,

such as Bumelia for example, originated in this region.

The family Ebenacese includes about eight genera and upwards of

three hundred existing shrubs and trees, of which over half are

referred to the genus Diospyros Linne. The family is mainly trop-

ical as are most of the species of Diospyros, but the latter is repre-

sented in the north temperate zone in eastern North America, east-

ern Asia, and the Mediterranean region. The three modern mono-

typic genera, Tetraclis, Brachyneuia and Rhapidantlie are confined

respectively to Madagascar, Brazil and West Africa and none have

been found fossil. The genus Roycna is mostly South African;

Euclca is entirely confined to Africa : Maha, a large genus, ranges

from Africa eastward to Polynesia; and IMacrcightia is common to

tropical Africa and America.

Diospyros with about 180 existing species is cosmopolitan. Be-

tween 90 and 100 fossil forms have been described. In that grand

display of dicotyledonous genera which during the mid-Cretaceous re-

placed the old Mesozoic flora of ferns, cycads, and conifers and which

appeared with such apparent suddenness at a number of points in the

northern hemisphere, we find unmistakable evidence of the abun-

dance and wide distribution of species of Diospyros. No less than

seventeen different forms have been described from the rocks of this

age, and the localities where they have been found are scattered
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from Australia to Bohemia, Greenland, and Vancouver Island. A
large majority of these species are American, and they seem to have

been especially at home along the Cretaceous coast of the Atlantic

and along the border of the Mediterranean sea which extended north-

westward from the Gulf of Mexico over much of our present Great

Plains area. One of these species, well named Diospyros priinccva

by Professor Heer in 1866, is especially widespread and abundant,

being found not only in Iowa, Kansas, and Nebraska in the west but

also from Texas eastward through Alabama and northward in South

Carolina, North Carolina, Maryland, New Jersey, Long Island and

Greenland, or from latitude ^'^° to latitude 71° north. That these

early persimmons were not very different from those of today is

shown by their similar foliage. This resemblance is also shown by

the fossilized remains of the calices of various species. One of these

calices from another early Cretaceous species, recently described by

the writer, is Diospyros vera, found in what is known in the Potomac

River valley as the Raritan formation. Apparently the habit of

accrescence had not been fully formed but the calyx was persistent

then as now and entirely like a modern calyx in appearance. It was

four-parted as it usually is in existing persimmons, but other fossil

forms had a five-parted calyx like a good many present day tropical

species.

In the Eocene epoch, which succeeded the Cretaceous, the records

of the fossil occurrences of Diospyros show that it was truly cos-

mopolitan. These records include about 20 species in Siberia,

Alaska and Greenland on the north ; Canada, various localities in

Europe, as well as Colorado, Montana, Wyoming, Nevada, Ore-

gon, Washington, and other western states. Unfortunately, we have

no Eocene or later Tertiary records along the Atlanic coast of North

America outside the embayment region since the preserved deposits

are all of marine origin and contain no fossil plants. There is little

doubt, however, that Diospyros continued to be an abundant element

in the aborescence flora of this area.

There are two well-marked species of Diospyros in the Wilcox

flora, one of which continues in this region through the Claiborne.

PROC. AMER. PHIL. SOC, LIII. 214, P, PRINTED JULY I4, I914.
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A large calyx is present in the Claiborne or Vicksburg of southwest-

ern Texas.

There are about 24 Oligocene species, Diospyros being especially

common throughout southern Europe. There is an American spe-

cies of this age in the Apalachicola group of western Florida. The

luxuriant forests of the Miocene have furnished about twenty spe-

cies of Diospyros, the known distribution at this time includes Euro-

pean localities from Spain to Hungary and American records in

Oregon, California, Yellowstone Park and Colorado. There are

seven Pliocene species in southern Europe and in Java.

The allied genus Roycna Linne has furnished splendidly pre-

served fruits from the oasis Chargeh in Egypt (Upper Cretaceous)

as well as four Oligocene and two Miocene species in Europe. It

seems never to have been cosmopolitan like Diospyros, since it has

never been recognized in the western hemisphere. The fossil his-

tory of the genus Euclea Linne was evidently similar to that of Roy-

ena, i. e., it makes its appearance in the basal Oligocene of Europe

where it is represented throughout the Oligocene and Miocene, be-

coming confined to Africa in Plio-Pleistocene times.

The genus Macrcightia DC. has nine or ten existing species, one

occurring in tropical Africa and the balance being American. Mac-

reightia is represented by both leaves and flowers in fossil floras and

it has been a favorite receptacle for tripartite calices, not always

of assured botanical identity. The oldest form is one in the German

Oligocene and there are five or six species in the European Aliocene.

It has not been definitely recognized in North America, although

some of the Wilcox material is not unlike some European material

referred to Macreightia. Felix has recognized wood of this family

{Ebenoxylon) in the Oligocene of the Island of Antigua.

The order Gentianales ( Contorts of Engler) includes six fami-

lies with between four and five thousand existing species, the largest

family being the Asclepiadacese with upwards of two thousand spe-

cies. The families are complexly interrelated among themselves

and with the next two orders, about the only constant characters

being the opposite leaves and the generally twisted corolla in aestiva-

tion. The Asclepiadacese, not found in the Wilcox, shares with the
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Apocynaceas in the development of a latex-system and in other spe-

cializations, and the elaborate contrivances for entomophily in the

former family reach a degree of complexity almost comparable with

that of the Orchidaceje. The Loganiaceje, also not represented in

the Wilcox flora, are lianas characteristic of South America and Asia

and regarded by Engler as relatively primitive and possibly the an-

cestral stock of the Gentianales and Rubiales. The order as a whole

is numerically massed in the tropics by reason of the many tropical

genera of the two largest families—the Asclepiadacese and Apocy-

naceae, which together contain three fourths of the existing species

of the order.

The family 01eace?e, sometimes considered as an order, the

Oleales, contains 21 genera and about 400 existing species. There

are three small genera peculiar to Asia and four peculiar to America,

the remaining fourteen genera being found in more than one conti-

tinental area. The three largest genera Fraxinus (40) , Mayepea (50)

and Jasminiim (160) are all cosmopolitan. Eight of the twenty-one

genera have been found fossil and it is evident that the family has an

extended history, although there are no known Cretaceous records

worthy of credence. Nor is the record well enough known to war-

rant generalizations. It is obvious from the early Eocene occur-

rence of leaves of Fraxinus associated with characteristic fruits, that

the family must have been evolved before the close of the Upper

Cretaceous but none of the genera have any well-marked or abun-

dant known representation until Tertiary times.

The genus Fraxinus Linne has two species in the Wilcox flora,

a characteristic samara, and foliage identical with that described

by Heer from western Greenland as Fraxinus Johnstrupi. The lat-

ter furnishes an interesting instance of the extended distribution of

members of the Eocene flora, at the same time illustrating the north-

ward radiation of floras during the Eocene. Upward of ten addi-

tional Eocene species are known all of which are American and rang-

ing from Tennessee to Alaska and Greenland. The Oligocene marks

the appearance of the genus in Europe from which time to the pres-

ent the genus has been represented throughout the warmer parts of

the north temperate zone, at least four of the existing species mak-

ing their appearance in the Pleistocene.
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The second genus represented in the Wilcox flora is Osnianthiis

Lour. It has about ten existing species of eastern North America,

eastern Asia and Polynesia. The Wilcox species is exceedingly

close to OsmantJms americaniis B and H of the Atlantic and Gulf

coasts from North Carolina southward. A second fossil species is

found in the Miocene of Florissant, Colorado.

The old world genus Phillyrea Linne is found fossil in Europe;

the genus Notelcca Vent., which has six existing Australian species

and an isolated remnant of its former distribution in Madeira and the

Canary Islands, is represented in the Eocene, Oligocene and Pliocene

of Europe; the genus Olea Linne with over thirty existing species

about equally divided between Africa, Asia, and Australia and Poly-

nesia, has about twenty fossil forms (including Okophyllum Con-

wenz and Olecccarpum Menzel) in Europe where they range in age

from the basal Eocene through the Oligocene, Miocene and Pliocene

to the Pleistocene. The genus is not known in American fossil

floras but there is a supposed species in the early Tertiary of

Australia.

The genus Lignstrtim Linne with about 35 existing species in

southeastern Asia and the East Indies has three species in the Oli-

gocene and Miocene of Europe.^® wSaporta has described represent-

atives of the genus Syringa Linne from the Sannoisian of south-

eastern France, the occurrence of the latter genus being based on

floral remains.

The family Apocynacese comprises 133 genera and between ten

and eleven hundred existing species of perennial herbs, vines, shrubs

and trees, mostly with a milky acrid juice and simple exstipulate

leaves. The fruit is usually a pair of follicles or drupes and the

seeds are often comatose. The family is almost equally divided into

two subfamilies, the Plumeroidese having 68 genera and about 550

species and the Echitoideae having 65 genera and about 500 species.

The genera Pliimeria Linne with about 40 species, and Rauzvolfia

Linne with about 45 species, are cosmopolitan, mostly tropical ; and

24 genera with about 300 species occur in more than one continental

area. America with 36 peculiar genera containing about 325 species

^^ A species of Li^rfw^rnm recorded by Hollick from the Upper Cretaceous

of Long Island is probably a Pisonia.
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heads the list, followed by Africa with 28 peculiar genera containing

about 130 species, and Asia with 20 peculiar genera containing about

75 species. Australia has few endemic genera or species, but numer-

ous genera range from Asia or Africa to the Australian region and

several genera are peculiar to Malaysia and to Polynesia. In the

present state of our knowledge the distribution does not furnish

material for generalization.

The fossil record, although including the representatives of at

least a dozen genera, is too incomplete to shed much light on the his-

tory of the family or its existing distribution. The largest fossil

genus is the form genus Apocynophyllum proposed by Heer and em-

bracing fossil forms resembling Thevetia, Cerhera, Apocynum and

other existing genera of the family. Five species are recorded from

the Upper Cretaceous, coming from the Dakota sandstone, Australia,

Westphalia and Saxony. There are over a score of Eocene species

widely distributed. There are five species in the Wilcox flora some

of which are exceedingly well marked and common. There are

also five species in the Ypresian of southern England. Other Eocene

records include Greenland, Australia, New Zealand and Chili. The

score or more of known Oligocene species are confined to European

localities. The Miocene species number about 25, all confined to

Europe except a form recorded from Italy.

Fossil forms have been sparingly referred to the following

genera : Allamanda, Hcctnadictyon and Thevetia have been recognized

by Engelhardt in the early Tertiary of Chili: Alyxia, Ahtonia, Cer-

hera and Tahernccmontana have been recognized in the European

Tertiary by various students : the genus Neritinium Unger has four

or five species in the European Miocene: the genus Phimeria has

four Miocene species in Europe and a Pliocene species in Brazil. The

genus Echitonium Unger has over a dozen fossil species. There are

five in the Eocene including a well marked form in the Wilcox flora

;

two in the Oligocene and five in the Miocene of Europe.

The genus Nerhun Linne has only three or four existing species

of shrubs or trees in the warmer parts of Eurasia. However the

commonly cultivated Nerium oleander Linne of the Levant grows

to a relatively large size and is extensively naturalized in Florida and

the West Indies. It is used for hedges in Bermuda. Saporta re-
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corded an Upper Cretaceous species, Nerimn Rdhlii, from the Cam-

panian of Westphalia but this is ahiiost certainly a member of the

Myrtacese and not a Nerium. Undoubted species do occur in the

Eocene of Europe, including the remains of a characteristic flower

from the Paris basin. There are several Oligocene and Miocene spe-

cies in Europe and the existing A'criiim oleander or its immediate

ancestor occurs in the Pliocene of southern Europe in France and

Spain. The Wilcox species Apocynophylhiin tabcUariun is very sug-

gestive of Nerimn but the genus is not certainly known in the

western hemisphere.

It may be noted that with the exception of the not certainly

identified species of Apocynophyllum the family is not represented in

the abundant known Upper Cretaceous floras of the world, which

might mean that it originated somewhere in the southern hemisphere.

The order Polemoniales or Tubiflorae*^ contains the four families

Convolvulacese, Polemoniacese, Hydrophyllaceae and Borraginacese.

The first three are characteristically American, the Convolvulacese

being chiefly tropical, while the largest family, the Borraginacese, is

typically developed in the north temperate zone.

The family Borraginacese, the only one of the order known in the

Wilcox flora, contains about 85 genera and 1,600 existing species of

mostly widely distributed north temperate herbs and shrubs, or

trees in tropical countries, characterized by alternate, exstipulate,

mostly entire leaves. The known fossil forms are few in number

and of slight significance and comprise for the most part Tertiary

remains described as species of Borraginites and Heliotropites. The

family is represented in the Wilcox by two species of Cordia, a. genus

containing about 230 existing species of shrubs and trees of the war-

mer regions of both hemispheres, especially the western. There is a

species in the Upper Cretaceous of the Alisssissippi embayment area

(Tuscaloosa formation) and a Miocene species in Europe. Early

Tertiary forms are recorded from Chili by Engelhardt and from

Tasmania by Ettingshausen. The slight evidence available indicates

that the genus originated in the American tropics and that the bulk

of the family is of late Tertiary origin.

*'> Not the Tubiflorse of Engler which includes the orders Polemoniales

and Personales, here regarded as distinct.
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The order Personales or Labiatiflorae includes sixteen families dis-

tinguished from the Polemoniales by the zygomorphism of the flow-

ers. The specific differentiation is great and the lines of descent

are confusing. The largest families are the Labiatae with over 3,000

existing species, the Scrophulariaceae with^ about 2,500, the Acan-

thacese with about 2,000, and the Solanaceje wuth about 1,800. Two
of the sixteen families, the X^erbenaceae and Solanaceas, are repre-

sented in the Wilcox flora.

The family A'erbenaceae includes about 73 genera and 1,300 ex-

isting species of widely distributed herbs, shrubs, or in tropical coun-

tries trees. The family is largely tropical or subtropical and is

notably represented in the South American region. The fossil record

is most incomplete. The largely old world genus Clerodcndron

Linne is unmistakably present in both the Eocene and Oligocene of

Europe, and Ettingshausen has referred, somewhat doubtfully de-

termined forms from the European ^Miocene to the American genus

Pctrcc Linne and to the cosmopolitan genus Vitex Linne. The

genus Citharexylon Linne has about twenty existing species rang-

ing from the Florida keys and lower California through the Amer-

ican tropics to Bolivia and Brazil. A single species found in the

middle and upper Wilcox is extremely close to the existing Citharex-

ylon villosum Jacquin, a small coastal tree of the Florida keys, Ba-

hamas and Antilles. With the exception of one or two doubtfully

determined forms in the ^Miocene of southeastern Europe it is the

only known fossil form.

The genus Avicennia Linne sometimes made the type of a dis-

tinct family, the Avicenniaceae or Black-mangrove family, includes

from three to thirty existing species according to the varying inter-

pretation of different students. They are found on all tropical tidal

shores. Two species have been recognized in the Wilcox flora, one

based on leaves and the second on a not conclusively identified

capsule.

The family Solanaceas includes about seventy genera and about

1600 existing species, widely distributed and largely tropical, but

extending into the temperate zone, notably in the western hemisphere.

They comprise herbs, shrubs, vines, or in tropical countries often

trees, with opposite, stipulate, toothed, lobed or dissected leaves.
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Their fossil history is ahnost entirely unknown. The single Wil-

cox representative of the family is a flower described as Solanites, a

genus founded on the somewhat younger remains of a similar flower

found in the Sannoisian of France, and comparable with the existing

South American genus Saracha Ruiz & Pavon, as well as with With-

eringia, Solanum, etc.

The last order of Gamopetalse positively recognized in the Wilcox

flora is the Rubiales which includes over 5,000 existing species segre-

gated into five families, over four fifths being referred to the family

Rubiaceae—the only one represented in the Wilcox.

The Rubiacese includes about 355 genera and over 4,500 existing

species of herbs, shrubs and trees ; with simple, opposite or verticil-

late, mostly stipulate, leaves. They are widely distributed and

largely tropical. While the Wilcox representation is confined to a

single species each of Exostcma, Psychotria and Guettarda, great in-

terest must attach to the fossil record of so highly organized a family

which is my justification for introducing the following brief sketch

of our knowledge of it.

No less than twenty-five genera have been recognized in the fossil

state. With the exception of the very doubtful determination of a

species referred to RubierphyUum from the Turonian of Bohemia and

doubtless representing a species of Ericaceae, the family is unknown

in the Upper Cretaceous. It is however represented in the early

Eocene both in America and Europe. The Wilcox forms represent

a species of Exostema Rich., close to the existing Exostema cari-

baeum R. & S. which ranges from the Florida keys to Central Amer-

ica. The genus comprises about twenty existing species of shrubs

and small trees confined to the tropics and subtropics of America.

The second Wilcox species is referred to Guettarda Endlicher, a

genus of about fifty species mostly confined to the American tropics

but including one or two cosmopolitan tropical maritime species.

The Wilcox form is very close to the existing Guettarda elliptica

Swartz, a small tree of the Florida keys, Bahamas and West Indies.

The third Wilcox species is Psychotria grandifolia described origi-

nally by Engelhardt from the early Tertiary of Chili. The genus

Psychotria Linne comprises about 350 existing species of shrubs and

small trees in tropical America. Asia and the East Indies, two thirds
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of its species being American. The fossil form is compared with

Psychotria grandis Svvartz of the American tropics.

The genus Coussarea Aublet with about 40 existing species in

the BraziHan region has been identified by Engelhardt from the

early Tertiary of Chili. The genus Hoffniannia Swartz with about a

score of existing American herbs or shrubs, mostly confined to Cen-

tral America, has a fossil species in the early Tertiary of Chili.

Likewise the genera Sabicca Aublet and Gouatteria Martius each

have a single species in the Tertiary of Chili.

The Baltic amber (Sannoisian) has yielded a flower referred

to Sendelia and a leafy twig referred to Enantioblastos. The genus

Galium^ comprising over 250 widely distributed existing herbaceous

forms, has been doubtfully identified from the Eocene of Green-

land. Its fruits are also not uncommon in Pleistocene deposits.

The genus Randia Houst., embracing about one hundred existing

species of shrubs or trees in all tropics, is identified by a fruit in the

Aquitanian of Rhenish Prussia.

The genus Ruhiacitcs so named by Webber from its resemblance

to the existing forms of Rxihia Linne has furnished three species of

leaves and flowers in the Aquitanian of Prussia and Switzerland.

The genus Gardenia Ellis, containing about sixty species of shrubs

or rarely trees of the eastern hemisphere, is represented by charac-

teristic fruits in the Sparnacian of France, the Aquitanian of Ger-

many and England, the Miocene of Baden and Italy, and the Pliocene

of Italy. The genus Posoqucria Aublet, which includes five or six

existing South American shrubs or trees, is represented according to

Unger by both leaves and fruits in the Miocene of Croatia. The

genus Ixora Linne with one hundred existing species of shrubs and

small trees in all tropics is likewise recorded from the Miocene of

Croatia, as is also Pavetta Linne, a genus with about seventy existing

species of shrubs or small trees of the Oriental tropics, which has

furnished both leaves, flowers and fruits from the celebrated plant

and insect beds of Radoboj in Croatia.

The genus Coprosoma Forst., with 40 existing species in Aus-

tralia, New Zealand and Oceanica, was recorded by Ettingshausen

from the Tertiary of Tasmania.

The genus Nauclea Linne, which has about thirty existing species
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of shrubs and trees in tropical Asia and Oceanica, was identified by

Unger in the European Miocene and petrified wood of this type

{Naudeoxylon) was described by Crie from the Pliocene of Java.

The genus Morinda Linne has about thirty existing species in all

tropics, especially in the Orient and the Pacific islands. A fossil

species has been recorded from the Oligocene of Italy and five addi-

tional species based on leaves have been described from the Miocene

of Croatia.

A fruit from the Tertiary lignites of Brandon, Vermont, has been

described by Perkins as Riibioides and another from the Aquitanian

of Rhenish Prussia by Menzel under the name Ruhiacececarpum.

Geyler has identified the old world genus Griimilea Gsertner in the

Tertiary of Borneo, and finally the genus Cinchonidium proposed

by Unger for fossil fruits and leaves which were very similar to those

of the existing South American genus Cinchona Linne, has furnished

a number of species. There are four or five in the Eocene, including

the Fort Union of the western United States and the Ypresian

of England; five in the late Oligocene of southeastern Europe; about

eight Miocene species, one coming from the Esmeralda formation of

Nevada and the balance being European.

The family is thus seen to have been well represented in fossil

floras throughout the Tertiary, but the small proportion of the exist-

ing genera with fossil representatives and the incompleteness of the

record of those with fossil representatives renders untrustworthy any

generalizations that might be made from the present facts.

Under Inccrtcc scdis are grouped fourteen species of the Wil-

cox flora. These include two forms referred to Cafycites; two to

Antholithus and ten to Carpolitlius. It would be quite useless to

attempt any botanical discussion or comparison of these uncertain

forms, such remarks as they suggest being more suitably confined

to the discussion of the individual species.

Johns Hopkins University,

April 25, I9I4.'



SOLAR MAGNETIC PHENOMENA.^

By GEORGE E. HALE.

(Read April 24, 1914.)

The discovery by Stark of the electrical analogue of the Zeeman

effect establishes a new point of view for the solar physicist. It is

now known that an electric field, like a magnetic field, may cause the

spectral lines of a light-source placed within it to break up into

several components. Furthermore, these components, when observed

at right angles to the lines of force, are plane polarized in both cases.

Thus there are important points of resemblance between the Zee-

man and Stark effects, and it becomes necessary to review the evi-

dence on which the proof of the existence of solar magnetism is

based. Is it possible that electric fields, rather than magnetic fields,

are responsible for the observed spectroscopic phenomena?

Fortunately, as a brief consideration of the observations will

show, this evidence is not open to the charge of ambiguity. The

phenomena described in my papers on the magnetic fields of sun-

spots and .the general magnetic field of the sun are unmistakably

those of the Zeeman effect. They are clearly ascribable, in their

broad features, to magnetic rather than to electric fields, and if the

latter exercise a secondary influence, it is not easily recognizable.

Here an important opportunity for further research is presented.

The separation of electrons in sun-spots should give rise to electric

fields, which may be sufficiently intense to produce an appreciable

Stark eff'ect. Other regions of the solar atmosphere where the con-

ditions are most favorable for the production of electric fields are

also open to investigation. But our knowledge of the spectroscopic

1 Abstract. The complete details of the paper, which will be published

in a series of articles in the Astrophysical Journal, include the results of

investigations on the radial and tangential spot field; the rate of change of

field-strength with level, both for spots and the general field; the relationship

between field-strength and spot area ; the complex fields of spot groups ; the

phenomena of bipolar spots, etc.

251
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phenomena of all of these regions indicates that special methods of

research will be required. It is true that the components of the

hydrogen lines are much more widely separated by Stark's electric

fields than by any magnetic fields yet produced. But electric fields

sufficiently intense to produce such separation do not appear to exist

in the sun.^ Furthermore, when the observations can be made along

the lines of force, it is easier to detect a magnetic field giving in-

complete resolution of a line than an electric field causing equal

overlapping of its constituent parts. This is because of the right-

handed and left-handed polarization of the components : a charac-

teristic feature which distinguishes the Zeeman efifect from all other

spectroscopic phenomena. The use of a quarter-wave plate in con-

junction with a Nicol prism permits either component to be extin-

guished at will. Thus line displacements may be produced which are

measurable with such precision as to disclose the existence of a mag-

netic field of only a few gausses. In fact, it might even be feasible,

with special appliances, to detect the earth's field in this way. The

absence of circular polarization prevents the observation of such dis-

placements in the Stark efifect, but the use of suitable apparatus may

ultimately bring to light solar electric fields much weaker than those

near the cathode of an ordinary vacuum tube. In any event, it will

become possible to set an upper limit to the intensity of the electric

fields existing in various parts of the sun.

Let us now review the evidence indicating the presence of mag-

netic fields in sun-spots, after recalling the hypothesis which led to

the application of the tests for the Zeeman efifect on Mount Wilson

in 1908. This hypothesis, based on the forms and motions of the

dark hydrogen (Ha) flocculi revealed a few weeks earlier with our

five-foot spectroheliograph, holds that sun-spots are vortex phe-

nomena. The electrons emitted at high solar temperatures, if

whirled in a vortex, must produce a magnetic field, assuming the

positive and negative electrons to be unequal in number. The recent

work of Harker justifies the view that negative electrons would

flow from the hot vapors surrounding the vortex toward the cooler

- Unless the widening of lines in the chromosphere, especially that asso-

ciated with eruptive phenomena, where strong electric fields may be present,

should prove to be due in part to their influence.



19 14.] HALE—SOLAR MAGNETIC PHENOMENA. 253

vapors within it, thus providing the separation called for in the

hypothesis. As for the existence of the vortex, in a form different

from that first assumed, it is abundantly confirmed by the discovery

of Evershed, and the subsequent observations of Evershed and St.

John on the motion of vapors in the solar atmosphere surrounding

spots.

Assume the axis of the vortex to coincide approximately with

a solar radius. Then, if the spot were central on the sun, the lines

of force at its center would lie in the line of sight. Such an iron

line as A 6302.709, which is resolved by a magnetic field into three

components, should then appear in the spot as a doublet, the central

component being absent when observed along the lines of force. The

two outer components should be circularly polarized in opposite

directions, and it should be possible to extinguish either one at will

with the aid of a Nicol prism and quarter-wave plate. Furthermore,

two spot vortices rotating in opposite directions should show the

opposite components of the line, with the same adjustment of the

polarizing apparatus.

This test was successfully applied, and has since been repeated

on many sun-spots. Under the most favorable conditions, either

component can be completely extinguished. In general, however,

the observations cannot be made exactly along the lines of force, and

under such circumstances the elliptically polarized components are

not completely cut off. Moreover, such a line as A 6302.709 usually

appears as a triplet, the relative intensities of the central and side

components varying, as would be expected from the Zeeman effect,

with the angle between the lines of force and the line of sight.

Speaking generally, this angle should increase as the spot ap-

proaches the sun's limb. We should therefore be able in this case to

distinguish the phenomena of plane polarization, since in the labora-

tory the three components are plane polarized when observed normal

to the lines of force. As the central component is polarized in a

plane at right angles to the plane of polarization of the side com-

ponents, it should be possible to extinguish this line in the spectrum

of a spot near the limb by rotating the Nicol prism, used with-

out quarter-wave plate. This experiment has been successfully

performed.
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I need not dwell here on the other evidences of the Zeeman effect,

but the proof is very complete. The resolution of the spot lines is

not sufficiently perfect to permit the numerous components shown

in some cases by laboratory observations to be detected, but triplets

and quadruplets can be distinguished, and the resemblance of the

observed effects to those of a magnetic field is very close for all

lines. One of the most important tests is afforded by the steady

decrease in the average separation of the components toward the

violet, corresponding with the fact that in a magnetic field their

separation is proportional to the square of the wave-length. Here

we have a marked disagreement with the Stark effect, where the

separation of the components increases toward the violet.

In the case of the sun's general magnetic field, my conclusions

are also based exclusively upon displacements due to circular or

elliptical polarization. This field, w^hich is about eighty times as

intense as that of the earth, but of only about one hundredth of the

intensity of the maximum sun-spot field, is quite insufficient to sepa-

rate the solar lines. In fact, the widening which it produces is much

too small to be detected, and it is only through the possibility of

cutting off one or the other component, and thus of producing a

slight shift, that it can be measured.

In the Stark effect the absence of circular or elliptical polariza-

tion compels us to seek for evidence presented by changes in the

width of lines. The hydrogen lines H/3 and Hy, when observed for

the transverse effect, have been shown by Stark to have five com-

ponents, the three inner polarized at right angles, the two outer

parallel to the field. In the longitudinal effect the two outer com-

ponents are absent, while the three inner components are present but

unpolarized. In the general electric field of the sun the lines of

force may be regarded as radial. Hence all lines having Stark effects

similar to those of the hydrogen lines should be wider near the limb

than at the center of the sun, and their plane polarized outer edges

should be capable of extinction by a Nicol. Lack of symmetry in the

distribution of the components of a line, such as Stark has observed

in some cases, would cause a shift of the lines near the limit.

Tests made some time ago, in connection with the study of the
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Zaeman effect, indicate that the well-known widening and displace-

ment of the solar lines near the limb are not due primarily to this

cause, though there may prove to be a second order effect smaller

than I have yet been able to recognize.

A compound half-wave plate, made of narrow strips of half-

wave mica, so mounted that (when used w-ith a Xicol) the alternate

strips will transmit light polarized in planes at right angles to one

another, is to be strongly recommended for this purpose. This will

permit the widths and the positions of the solar lines to be compared

on a single photograph, in the way which has proved so advantageous

in the study of the sun's general magnetic field.

^

In a preliminary study of our photographs of sun-spot spectra,

some of which were taken with the Nicol alone, I have been unable to

detect any promising evidence of the Stark effect- However, these

plates are poorly adapted for the purpose, and the investigation will

soon be continued, and extended to various parts of the solar

atmosphere.

2 Contributions from the Mount Wilson Solar Observatory, No. 71.
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THE VEGETATION OF THE SARGASSO SEA.

By WILLIAM G. FARLOW, Ph.D., LL.D.

(Read April 24, 1914.)

On September 16, 1492, Columbus encountered masses of float-

ing seaweed in latitude 28° N. 58° W. as he was approaching the

Bahama Islands. This is the first record of the existence of what

is now known as the Sargasso Sea. Since that date many navi-

gators and travellers, who have traversed that region, have de-

scribed the general appearance of the sea and have attempted to

ascertain its limits and to explain the source from which the floating

gulf-weed was derived. Unfortunately, however, the earlier ac-

counts were often rather vague and to some extent conflicting and

even well-known scientific men, as Humboldt, have been too much

inclined to call attention to the sea as one of the wonders of nature

rather than to attempt to record the facts about it accurately.

Humboldt, for instance, described the Sargasso Sea as an area six

times as large as Germany covered with a growth of a single species

of seaweed which he regarded as very remarkable considering the

small size of the land areas covered by the growth of a single species

of plant. Although Humboldt's account is in a sense true, the im-

pression that those who read his account receive is misleading.

The account given by Alexander Agassiz in 1888 was less sen-

sational. He says

:

PROC. AMER. PHIL. SOC, LIII, 215, O, PRINTED DEC. II, I914.
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" The Sargasso Sea of the North Atlantic covers a rather indefinite area

between 22.° and z(i° N. and according to the statements of the older navi-

gators, the amount of Sargassum to be met w^ith varies from occasional

patches to masses large enough to impede the progress of sailing vessels.

The Sargassum probably changes its position constantly, according to the

seasons, the currents, and the direction of the wind; but within the area

bounded by the Gulf Stream on the West, the equatorial current on the

South and the return current from the Azores and Canaries the Sargassum

has always been found in larger or smaller quantities."

At the present day we have a definite knowledge of the ocean

currents and the prevailing winds of the Atlantic which are im-

portant factors in the distribution of the gulf-weed. My personal

experience, which has been confined to that part of the Ocean lying

between New York and Bermuda, agrees with that of most recent

travellers who have traversed the Sargasso Sea in various directions

and it may be said that the gulf-weed occurs in scattered patches

which are usually from fifty to, at the most, a few hundred feet in

diameter. It appears to be certain that in no place is the Sea covered

by the gulf-weed in continuous masses miles in extent and it is not

often the case that the patches extend over a space as large as an

acre. Their long diameter is usually in the direction of the wind

and their frequency varies very much according to circumstances.

Whether they are ever so dense as actually to impede modern sailing

vessels seems to me doubtful, and it must be said that those who

make the statement that the progress of vessels may be impeded by

the gulf-weed usually preface their remarks by saying * according to

older navigators ' and do not depend on their own observations.

If at the present day we have a good topographical knowledge

of the Sargasso Sea, the question as to the particular species to

which the gulf-weed belongs still presents several perplexing prob-

lems and, as to the origin of the gulf-weed, as recently as 1907

Sauvageau wrote :
" les causes de sa formation ne sont guere mieux

connues que lors du premier voyage de Christophe Colomb." Sar-

gassum, to which the gulf-weed, Sargassum haccijerum^ belongs is

1 The name Sargassum bacciferum is used here since it has been the

name most commonly used to designate the gulf-weed. Boergesen in his

paper, " The species of Sargassum found along the coasts of the Danish

West Indies with Remarks upon the Floating Forms of the Sargasso Sea,"

Copenhagen, 1914, states fully the reasons for preferring the name Sar-

gassum iiatans (L.) on the ground of priority.
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a large genus, the largest of all the genera of the larger brown sea-

weeds, and includes mainly species which inhabit the tropics, or more

accurately between about 42° N. and 42° S. latitude. They flourish

just below low water mark but do not grow in deep water. They are

attached to the substratum by a hold-fast and grow not infrequently

to be three feet long, with a branching, slender stem bearing leaves

with small, stalked air-bladders near their bases. The fruit, the

spores, are in cavities on special branches. The genus is a difficult

one for the systematic botanist because, to be sure of a species, one

should have not only the stem with its leaves but also the base and

the fruit and in many cases species have been described from frag-

ments only. Furthermore the individuals of most species vary very

much so that, without a study of a set of living specimens, an

algologist might be pardoned for believing that he had not one but

several species before him, judging by herbarium specimens only.

The points I have just mentioned must be borne in mind in what I

have to say about the gulf-weed. It remains for us to consider the

two questions: What is the gulf-weed and where does it come from?

All observations agree that the masses of floating gulf-weed

consist in far the greater part of the single species, called Sargassum

bacciferum. If, however, we examine more closely the traditional

gulf-weed we find that although it has the characteristic leaves and

bladders of the genus, it has no remains of a basal attachment

and no fruit except in certain very rare and not well authenticated

cases. Some believing that, if not impossible, it is certainly very

improbable that any species could continue to flourish indefinitely

like the gulf-weed without at some time fruiting and, furthermore,

seeing a certain resemblance of the leaves and bladders to those of

certain species of Sargassum growing attached in the West Indies

and on the Florida coast, have advanced the opinion that the floating

form called gulf-weed consists of branches broken from the attached

forms and carried by the gulf stream to the different parts of the

Sargasso Sea. Others maintain that this is not the only case of a

plant living and flourishing without producing fruit, and that, since

up to the present time, no one has found the Sargassum bacciferum

attached and fruiting, we are forced to believe that it is a distinct

but always sterile species and not a form of any other attached
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species. This latter opinion is the one held by most recent writers.

The question is not as simple as it seems at first sight. It may

be asked whether Sargassum bacciferum occurs in other places than

the Sargasso Sea and its immediate vicinity. What has been con-

sidered to be this species has been reported to occur in New Zealand,

Australia, Java and various places in the Pacific and Indian Oceans

as well as Valparaiso but only scattered specimens have been found

and there is no evidence whatever that there is more than one Sar-

gasso Sea in the world and it may be questioned whether all the

specimens supposed to be 5". bacciferum from other regions are

really the same as the Atlantic form. I have a specimen marked

New Zealand which seems to be the real gulf-weed but the data on

the label are scanty and I do not feel sure that the locality is cor-

rectly given. Von Marten's theory that the gulf-weed originated in

the Indian Ocean and was carried by currents round the Cape of

Good Hope to the Sargasso Sea has nothing to support it, nor can

the theory of Ed. Forbes that the floating gulf-weed is the survival

of Sargassum growing on the submerged Atlantis be seriously con-

sidered.

As a waif, or straggler, the gulf-weed is occasionally deposited

on the shores of northwestern Europe but in Great Britain, at least,

it must be very rare for in his Phycologia Britannica Harvey was

obliged to draw his figure of L. bacciferum from an American, not

a British specimen. On the east American coast specimens of the gulf-

weed are very rare. The only specimen which I have is a fragment

washed ashore at Bath, Long Island. Some years ago I was told by

a sea captain that there was a bank of gulf-weed off Nantucket but

I have been unable to obtain any confirmation of this statement.

Even if there is such a bank, the chances are that it is composed of

S. filipendula, which is very abundant on the adjacent shore of Cape

Cod.

As has been said, by far the greater part of the gulf-weed masses

is composed of S. bacciferum. That it is exclusively so is not true.

Agardh states that 6*. Hystrix is found with 6^. bacciferum and

recently Boergesen has reported the same species near the Danish

West Indies ; S. vulgare, a very common attached species of the

West Indies has also been found with the gulf-weed. The mixture
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of the two species does not appear to be common in the Sargasso

Sea itself but, as one approaches the land, the floating 6". vulgare

mixed with 6^. bacciferum is common and one finds both common

even on the surface of landlocked waters like Harrington Sound,

Bermuda.

A very interesting case is that of the mixture of a species of

Cystoseira and gulf-weed collected by Professor F. H. Storer on a

voyage from the Cape of Good Hope to New York. The exact

position cannot be stated but according to information given by Pro-

fessor Storer it was approximately io° N. by 40° to 45° W. One

gathering only was made and from it was obtained the specimens of

S. bacciferum distributed in the " Algae Americse Borealis " of

Farlow, Anderson and Eaton. This set has been seen by all the well

known algologists of the world and, as no one has questioned the

determination, it may be supposed to be correct. The Cystoseira

was entangled in the Sargassum. The species of Cystoseira are com-

plicated and not easy to name and the specimens in question were

not in fruit. As far as I could tell, the species appeared to be very

near C. crinita Bory, a Mediterranean species. Specimens have been

examined by Sauvageau, the expert student of the genus, whose

opinion is that in spite of certain points in common with C. crinita

he would not venture to assert that they belong to that species. The

interesting fact, however, is that, whether C. crinita or not, it must

have come from the southeastern shore of Europe or of Northern

Africa including the Atlantic islands since the species of Cystoseira

abound in that region and, with one exception, none are found on

the east coast of North America. C. Myrica is a rare species of

Florida and the Bahamas and is quite different from the floating

Cystoseira. As far as could be told from the material collected by

Professor Storer, the Cystoseira in spite of its long journey was in

as good a condition as the gulf-weed with which it was found. This

is instructive as showing how far specimens can be transported by

currents without perceptible injury.

In conclusion, in the limited time at our disposal, I shall show

you a few slides of the gulf-weed and related species to illustrate

more clearly some of the points I have mentioned. Everything con-

sidered it seems to me that in the present state of our knowledge we
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are not as yet warranted in assuming that the floating gulf-weed

could not have been derived originally from some fixed, fruiting

form. Certainly we do not at present know from what species it

might have been derived but, until the distribution of the Sargassa

on the eastern coast of America and the West Indies is better known

and the characteristics and variations of the various described species

have been more thoroughly studied, the question of the origin of the

gulf-weed seems to me to be still open.



THE KINETIC SYSTEM.

By GEORGE W. CRILE, M.D.

(Read April 22, 1914.)

In this paper I formulate a theory which I hope will harmonize a

large number of clinical and experimental data, supply an interpre-

tation of certain diseases, and show by what means many diverse

causes produce the same end effects.

Even should the theory prove ultimately to be true, it will mean-

time doubtless be subjected to many alterations. The specialized

laboratory worker will at first fail to see the broader clinical view,

and the trained clinician may hesitate to accept the laboratory find-

ings. Our viewpoint has been gained from a consideration of both

lines of evidence on rather a large scale.

The responsibility for the kinetic theory is assumed by myself,

while the responsibility for the experimental data is shared fully by

my associates, Dr. J. B. Austin, Dr. F. W. Hitchings, Dr. H. G.

Sloan and Dr. M. L. Menten.

Introduction.

The self-preservation of man and kindred animals is affected

through mechanisms which transform latent energy into kinetic

energy to accomplish adaptive ends. Man appropriates from envi-

ronment the energy he requires in the form of crude food which is

refined by the digestive system ; oxygen is taken to the blood and

carbon dioxid is taken from the blood by the respiratory system ; to

and from the myriads of working cells of the body, food and oxygen

and waste are carried by the circulatory system ; the body is cleared

of waste by the urinary system
;
procreation is accomplished through

the genital system; but none of these systems are evolved primarily

for the purpose of transforming potential energy into kinetic energy

for specific ends. Each system transforms such amounts of poten-

tial into kinetic energy as are required to perform its specific work

;

but no one of them transforms latent into kinetic energy for the

263
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purposes of escaping, of fighting, of pursuing; or for combating

infection. The stomach, the kidneys, the lungs, the heart strike no

physical blow—their role is to do certain work to the end that the

blow may be struck by another system evolved for that purpose. I

propose to offer evidence that there is in the body a system evolved

primarily for the transformation of latent energy into motion and

into heat. This system I propose to designate the Kinetic System.

The kinetic system does not directly circulate the blood, nor does

it exchange oxygen and carbon dioxid ; nor does it perform the func-

tions of digestion, urinary elimination and procreation ; but though

the kinetic system does not directly perform these functions, it does

play indirectly an important role in each, just as the kinetic system

itself is aided indirectly by the other systems.

The principal organs which comprise the kinetic system are the

brain, the thyroid, the suprarenals, the liver and the muscles. The

brain is the great central battery which drives the body ; the thyroid

governs the conditions favoring tissue oxidation ; the suprarenals

govern immediate oxidation processes ; the liver fabricates and stores

glycogen ; and the muscles are the great converters of latent energy

into heat and motion.

Adrenalin alone, thyroid extract alone, brain activity alone, and

muscular activity alone are capable of causing the body temperature

to rise above the normal. The functional activity of no other gland

of the body alone, and the secretion of no other gland alone can

cause a comparable rise in body temperature—that is, increased func-

tional activity ; and no active principle derived from the kidney, the

liver, the stomach, the pancreas, the hypophysis, the parathyroid, the

spleen, the intestines, the thymus, the lymphatic glands or the bones

can, per se, cause a rise in the general body temperature comparable

to the rise that may be caused by the activity of the brain or the

muscles, or by the injection of adrenalin or thyroid extract. Then,

too, when the brain, the thyroid, the suprarenals, the liver or the

muscles are eliminated, the power of the body to convert latent into

kinetic energy is impaired or lost. I shall ofifer evidence tending to

show that an excess of either internal or external environmental

stimuli may modify one or more organs of the kinetic system, and

that this modification may cause certain diseases. For example,

—
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alterations in the efficiency of the cerebral link may yield neuras-

thenia, mania, dementia ; of the thyroid link,—Graves' disease,

myxedema; of the suprarenal link,—Addison's disease, cardiovas-

cular disease.

This introduction may serve to give the line of our argument.

We shall now consider briefly certain salient facts which relate to the

conversion of latent energy into kinetic energy as an adaptive reac-

tion. The amount of experimental data is so large that they will

later be published in a monograph.

The amount of latent energy which may be converted into kinetic

energy for adaptive ends varies in different species, in individuals of

the same species, in the same individual in different seasons ; in the

life cycle of growth, reproduction and decay; in the waking and

sleeping hours ; in disease and in activity. We shall here consider

briefly the reasons for some of those variations and the mechanism

which makes them possible.

Biologic Consideration of the Adaptive Variation in Amounts
OF Energy Stored in Various Animals.

Energy is appropriated from the physical forces of nature that

constitute the environment. This energy is stored in the body in

quantities in excess of the needs of the moment. In some animals

this excess storage is greater than in other animals. Those animals

whose self-preservation is dependent on purely mechanical or chem-

ical means of defense, such animals as crustaceans, porcupines, skunks

or cobras, have a relatively small amount of convertible (adaptive)

energy stored in their bodies. On the contrary, the more an animal

is dependent on its muscular activity for self-preservation the more

surplus available (adaptive) energy there is stored in its body. It

may be true that all animals have approximately an equal amount

per kilo of chemical energy—but certainly they have not an equal

amount stored in a form which is available for immediate conver-

sion for adaptive ends.

Adaptive Variation in the Rate of Energy Discharge.

What chance for survival would a skunk have without odor ; a

cobra without venom ; a turtle without carapace ; or a porcupine
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shorn of its barbs, in an environment of powerful and hostile carni-

vora? And yet in such a hostile environment many unprotected

animals survive by their muscular power of flight alone. It is evi-

dent that the provision for the storage of " adaptive " energy is not

the only evolved characteristic which relates to the energy of the

body. The more the self-preservation of the animal depends on

motor activity, the greater is the range of variation in the rate of dis-

charge of energy. The rate of energy discharge is especially high

in animals evolved along the line of hunter and hunted, such as the

carnivora and the herbivora of the great plains.

Influences That Cause Variation in the Rate of Output of

Energy in the Individual.

Not only is there a variation in the rate of output of energy

among various species of animals, but one finds also variations in the

rate of output of energy among individuals of the same species. If

our thesis that men and animals are mechanisms responding to en-

vironmental stimuli is correct, and further, if the speed of energy

output is due to changes in the activating organs as a result of adap-

tive stimulation, then we should expect to find physical changes in

the activating glands during the cycles of increased activation. What

are the facts? We know that most animals have breeding seasons

evolved as adaptations to the food supply and weather. Hence there

is in most animals a mating season in advance of the season of maxi-

mum food supply so that the young may appear at the period when

food is most abundant. In the springtime most birds and mammals

mate, and in the springtime at least one of the great activating glands

is enlarged—the thyroid in animals and in man shows seasonal en-

largement. The effect of the increased activity is seen in the song,

the courting, the fighting, in the quickened pulse and in a slightly

raised temperature. Even more activation than that connected with

the season is seen in the physical act of mating—when the thyroid is

known to enlarge materially, though this increased thyroid activity,

as we shall show later, is probably no greater than the increased

activity of other activating glands. In the mating season the kinetic

activity is speeded up ; in short, there exists a state—a fleeting state—
of mild Graves' disease; in the early stages of Graves' disease, before
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the destructive phenomena are felt, the kinetic speed is high and hfe

is on a sensuous edge. Not only is there a seasonal rhythm to the rate

of flow of energy, but there is a diurnal variation, the ebb is at night,

and the full tide in the daytime. This observation is verified by ex-

periments which show that certain organs in the kinetic chain are

histologically exhausted, the depleted cells being for the most part

restored by sleep.

We have seen that there are variations in speed in different spe-

cies, and that in the same species speed varies with the season of the

year and with the time of day. In addition there are variations also

in the rate of discharge of energy in the various cycles of the life of

the individual. The young are evolved at high speed for growth, so

that as soon as possible they may attain to their own power of self-

defense ; they must adapt themselves to innumerable bacteria ; to

food, and to all the elements in their external environment. Against

their gross enemies the young are measurably protected by their

parents; but the parents—except to a limited extent in the case of

man—are unable to assist in the protection of the young against

infectious disease.

The cycle of greatest kinetic energy for physiologic ends is the

period of reproduction. In the female especially there is a cycle of

increased activity just prior to her development into the procreative

state. During this time secondary sexual characters are developed

—

the pelvis expands, the ovaries and the uterus grow rapidly, the

mammary glands develop. Again in this period of increasing speed

in the expenditure of energy we find the thyroid, the suprarenal and

the hypophysis also in rapid growth. Without the normal develop-

ment of the ovary, the thyroid and the hypophysis, neither the male

nor the female can develop the secondary sexual characters, nor do

they develop sexual desire nor show seasonal cycles of activity, nor

can they procreate. The secondary sexual characters—sexual de-

sire, fertility^may be developed at will—for example, by feeding

thyroid products from alien species to the individual deprived of the

thyroid.

At the close of the childbearing period there is a permanent

diminution of the speed of energy discharge, for energy is no longer

needed as it was for the self-preservation of the offspring before
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adolescence, and for die propagation of die species during the pro-

creative period. Unless other factors intervene this reduction in

speed is progressive until senescent death. The diminished size of

the thyroid of the aged bears testimony to the part the activating

organs bear in the general decline.

We have now referred to variations in the rate of discharge of

energy in different species ; in individuals of the same species ; in

cycles in the same individual—such as the seasons of food supply

;

the periods of wakefulness and of sleep ; the procreative period—and

we have spoken of those variations caused artificially by thyroid

feeding.

Thus far we have referred to the conversion for adaptive pur-

poses of latent into kinetic energy in muscular and in procreative

action. We shall now consider the conversion of latent into kinetic

energy in the production of heat/ and endeavor to answer the ques-

tions which arise at once:—Is there one mechanism for the conver-

sion of latent energy into heat and another mechanism for its con-

version into muscular action? What is the adaptive advantage of

fever in infection?

The Purpose and the Mechanism of Heat Production in

Infections.

Vaughn has shown that the presence in the body of any alien

protein causes an increased production of heat, and that there is no

difference between the production of fever by foreign protein and by

infections. Before the day of the hypodermic needle and of ex-

perimental medicine, the foreign proteins found in the body outside

the alimentary tract were brought in by invading microorganisms.

Such organisms interfered with and destroyed the host. The body,

therefore, was forced to evolve a means of protection against these

hostile organisms. The increased metabolism and fever in infection

might operate as a protection in two ways : the increased fever by

interfering with bacterial growth, and the increased metabolism by

breaking .up the bacteria. Bacteriologists have taught us that bac-

teria grow best at the normal temperature of the body, hence fever

1 We use the terms heat and muscular action in the popular sense,

though physicists use them to designate one and the same kind of energy.
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would interfere with bacterial growth. With each rise of one degree

centigrade the chemical activity of the body is increased ten per cent.

In acute infections there is aversion to food and frequently there is

vomiting. In fever, then, we have a diminished intake of energy,

but an increased output of energy—hence the available potential

energy in the body is rapidly consumed. This may be an adapta-

tion for the purpose of breaking up the foreign protein molecules

composing the bacteria. Thus the body may be purified by a che-

mical combustion so furious that frequently the host itself is de-

stroyed. The problem of immunity is not considered here.

As to the mechanism which produces fever, we postulate that it

is the same mechanism as that which produces muscular activity.

Muscular activity is produced by the conversion of latent energy into

motion, and fever is produced largely in the muscles by the conver-

sion of latent energy into heat. We should, therefore, find similar

changes in the brain, the suprarenals, the thyroid, and the liver, what-

ever may be the purpose of the conversion of energy—whether for

running, for fighting, for the expression of emotion, or for combating

infection.

We shall first present experimental and clinical evidence which

tends to show what part is played by the brain in the production of

both muscular and febrile action, and later we shall discuss the parts

played by the suprarenals, the thyroid, and the liver.

Histologic Changes in the Brain-Cells in Relation to the
Maintenance of Consciousness and to the Production

OF THE Emotions, Muscular Activity and Fever.

We have studied the brain-cells in human cases of fever, and in

animals after prolonged insomnia; after the injection of the toxins

of gonococci, of streptococci, of staphylococci, and of colon, tetanus,

diphtheria and typhoid bacilli ; and after the injection of foreign

proteins, of indol and skatol, of leucin and of peptones. We have

studied the brains of animals which had been activated in varying

degrees up to the point of complete exhaustion by running, by fight-

ing, by rage and fear, by physical injury and by the injection of

strychnia. We have studied the brains of salmon at the mouth of

the Columbia River and at its headwater ; the brains of electric fish,
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the storage batteries of which had been partially discharged, and of

those the batteries of which had been completely discharged; the

brains of woodchucks in hibernation and after fighting; the brains

of humans who had died from anemia resulting from hemorrhage,

from acidosis, from eclampsia, from cancer, and from other chronic

diseases. We have studied also the brains of animals after the ex-

cision of the suprarenals, of the pancreas, and of the liver.

In every instance the loss of vitality—that is, the loss of the nor-

mal power to convert potential into kinetic energy—was accom-

panied by physical changes in the brain-cells. The converse was also

true—that is, the brain-cells of animals with normal vital power

showed no histologic changes. The changes in the brain-cells were

identical whatever the cause. The crucial question then becomes

:

Are these constant changes in the brain-cells the result of work done

by the brain-cells in running, in fighting, in emotion, in fever? In

other words, does the brain perform a definite role in the conversion

of latent energy into fever or into muscular action; or are the brain-

cell changes caused by the chemical products of metabolism? Hap-

pily this crucial question was definitely answered by the following

experiment : The circulations of two dogs were crossed in such a

manner that the circulation of the head of one dog was anastomosed

with the circulation of the body of another dog and vice versa. A
cord encircled the neck of each so firmly that the anastomosing circu-

lation was blocked. If the brain-cell changes were due to the meta-

bolic products, then when the body of dog " A " was injured, the brain

of dog " A " would be normal and the brain of dog " B " would show

changes. Our experiments showed brain-cell changes in the brain

of the dog injured and no changes in the brain of the uninjured dog.

The injection of adrenalin causes striking brain-cell changes

—

first, a hyperchromatism, then a chromatolysis. Now if adrenalin

caused these changes merely as a metabolic phenomenon and not as

a " work " phenomenon, then the injection of adrenalin into the caro-

tid artery of a crossed circulation dog would cause no change in its

circulation and its respiration, since the brain thus injected is in ex-

clusive vascular connection with the body of another dog. In our

experiment the blood-pressures of both dogs were recorded on a drum

when adrenalin was injected into the common carotid. The adre-
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nalin caused a rise in blood-pressure, an increase in the force of car-

diac contraction, increase in respiration, and a characteristic adrenaHn

rise in the blood-pressure of both dogs. The rise was seen first in

the dog whose brain alone received adrenalin and about a minute

later in the dog whose body alone received adrenalin. Histologic

examinations of the brains of both dogs showed marked hyperchro-

matism in the brain receiving adrenalin, while the brain receiving no

adrenalin showed no change. Here is a clear-cut observation on the

action of adrenalin on the brain—and both the functional and the

histological tests showed that adrenalin causes increased brain action.

The significance of this affinity of the brain for adrenalin begins to

be seen when I call attention to the following striking facts

:

1. Adrenalin alone causes hyperchromatism followed by chroma-

tolysis, and in overdosage causes the destruction of some brain-cells.

2. When the suprarenal glands are both excised and no other

factor is introduced, the Nissl substance progressively disappears

from the brain-cells until death. This far-reaching point will be

taken up later.

Here our purpose is to discuss the cause of the brain-cell changes.

We have seen that in crossed brain and body circulation trauma

cause changes in the cells of the brain which is disconnected from

the traumatized body by its circulation, but which is connected with

the traumatized body by the nervous system. We have seen that

adrenalin causes activation of the body connected with its brain by

the nervous system, and histologic changes in the brain acted on

directly by the adrenalin, but we found no brain-cell changes in the

other brainthrough which the products of metabolism have circulated.

In the foregoing we find direct evidence that the brain-cell

changes are not due to the products of metabolism. We shall now

present evidence to show that the brain-cell changes are " work

"

changes. What work ? We postulate that it is the work by which the

energy stored in the brain-cells is converted into electricity or some

other form of transmissible energy which then activates certain glands

and muscles, thus converting latent energy into heat and motion. It

has chanced that certain other studies have given an analogous and

convincing proof of this postulate. In the electric fish a part of the

muscular mechanism is replaced by a specialized structure for storing
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and discharging electricity. We found "work" changes in the

brain-cells of electric fish after all their electricity had been rapidly

discharged. We found further that electric fish could not discharge

their electricity when under anesthesia, and clinically we know that

under deep morphia narcosis, and under anesthesia, the production

both of heat and of muscular action is hindered. The action of mor-

phia in lessening fever production is probably the result of its de-

pressing influence on the brain-cells, because of which a diminished

amount of their potential energy is converted into electricity and a

diminished electric discharge from the brain to the muscles should

diminish heat production proportionally. We found by experiment

that under deep morphinization brain-cell changes due to toxins

could be largely prevented ; in human patients deep morphinization

diminishes the production of muscular action and of fever, and as

we shall see later conserves Hfe when it is threatened by acute in-

fections. The contribution of the brain-cells to the production of

heat is either the result of the direct conversion of their stored energy

into heat, or of the conversion of their latent energy into electricity

or a similar force, which in turn causes certain glands and muscles to

convert latent energy into heat.

A further support to the postulate that the brain-cells contribute

to the production of fever by sending impulses to the muscles is

found in the efifect of muscular exertion, or of other forms of motor

stimulation in the presence of a fever-producing infection. Under

such circumstances muscular exertion causes additional fever, and

causes also added but identical changes in the brain-cells. Thyroid

extract and iodin have the same effect as muscular exertion and infec-

tion in the production of fever and the production of brain-cell

changes. All of this evidence is a strong argument in favor of the

theory that certain constituents of the brain-cells are consumed in

the work performed by the brain in the production of fever.

That the stimulation of the brain-cells without gross activity of

the skeletal muscles and without infection can produce heat is shown

as follows

:

(a) Fever is produced when animals are subjected to fear with-

out any consequent exertion of the skeletal muscles.
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(b) The temperature of the anxious friends of patients will rise

while they await the outcome of an operation.

(c) The temperature of patients will rise as a result of the mere

anticipation of a surgical operation.

(d) There are innumerable clinical observations as to the effect

of emotional excitation on the temperature of patients. A rise of

a degree or more is a common result of a visit from a tactless friend.

There is a traditional Sunday increase of temperature in hospital

wards. Now the visitor does not bring and administer more infec-

tion to the patient to cause this rise, and the rise of temperature

occurs even if the patient does not make the least muscular exertion

as a result of the visit. I observed an average increase of one and

one eighth degrees of temperature in a ward of fifteen children as a

result of a Fourth of July celebration.

Is the contribution of the brain to the production of heat due to

the conversion of latent energy directly into heat, or does the brain

produce heat principally by converting its latent energy into electri-

city or some similar form of transmissible energy which through

nerve connections stimulates other organs and tissues, which in turn

convert their stores of latent energy into heat?

According to Starling, when the connection between the brain

and the muscles of an animal is severed by curare, by anesthetics,

by the division of the cord and nerves, then the heat-producing power

of the animal so modified is on a level with that of cold-blooded ani-

mals. With cold the temperature falls, with heat it rises. Such an

animal has no more control over the conversion of latent energy into

heat than it has over the conversion of latent energy into motion.

Electric stimulation done over a period of time causes brain-

cell changes, and electric stimulation of muscles causes a rise in

temperature.

Summary.

In our crossed circulation experiments we found that the

brain-cell changes were not due to waste products or to meta-

bolic poisons. We found that in the production both of muscular

action and of fever there were brain-cell changes which showed a

quantitative relation to the temperature changes or to the muscular

PROC. AMER. PHIL. SOC, LIII, 215, P, PRINTED DeC. II, I914.
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work done. We observed that under deep morphinization the febrile

response or the muscular work done was either diminished or eli-

minated and that the brain-cell changes were correspondingly dimin-

ished or eliminated. We found also that brain-cell changes and

muscular work followed electric stimulation alone. I conclude, there-

fore, that the brain-cell changes are work changes.

We shall next consider other organs of the kinetic system in their

relation to muscular activity, to emotion, to consciousness, to sleep,

to hibernation, and to heat production.

The Suprarenal Gland.

In our extensive study of the brain in its relation to the produc-

tion of energy and consequent exhaustion caused by fear and rage

;

by the injection of foreign proteins, of bacterial toxins and of strych-

nin; by anaphylaxis; by the injection of thyroid extract, of adren-

alin, and of morphin; we found that with the exception of morphin

each of these agents produced identical changes in the brain-cells.

As we believed that the suprarenal glands were intimately associated

with the brain in its activities, we concluded that the suprarenals

also must have been affected by each of these agents. To prove this

relation, we administered the above-mentioned stimuli to animals and

studied their effects upon the suprarenal glands by functional, histo-

logical and surgical methods, the functional tests being made by Can-

non's method.

Functional Study of the Suprarenal Glands by Cannon's

Method.

Our method of applying the Cannon test for adrenalin was as

follows : (a) The blood of the animal's was tested before the applica-

tion of the stimulus. If this test was negative, then (b) the stimulus

was applied and the blood again tested. If this test was negative,

a small amount of adrenalin was added. If a positive reaction was

then given, the negative result was accepted as conclusive, (c) If

the control test was negative, then the stimulus was given. If the

blood after stimulation gave a positive result for adrenalin, a second

test of the same animal's blood was made twenty-five minutes or
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more later. If the second test was negative, then the positive result

of the first test was accepted as conclusive.

We have recorded sixty-six clear-cut experiments on dogs, which

show that after fear and rage, after anaphylaxis, after injections of

indol and skatol, of leucin and tyrosin, of the toxins of diphtheria

and colon bacilli, of streptococci, and staphylococci, of foreign pro-

teins and of strychnin, the Cannon test for adrenalin was positive.

The test was negative after trauma under anesthesia, and after intra-

venous injections of thyroid extract, of thyroglobin and of the juices

of various organs injected into the same animal from which the

organs were taken. Placental extract gave a positive test. The test

was sometimes positive after electric stimulation of the splanchnic

nerves. On the other hand, if the nerve supply to the suprarenals

had beenpreviously divided, or if the suprarenals had been previously

excised, then the Cannon test was negative, after the administration

of each of the foregoing adequate stimuli. Blood taken directly

from the suprarenal vein gave a positive result, but under deep mor-

phinization the blood from the suprarenal vein was negative, and

under deep morphinization the foregoing adequate stimuli were

negative.

In brief, the agencies that in our brain-cell studies were found to

cause hyperchromatism followed by chromatolysis, gave positive

results in the Cannon test for adrenalin. The one agent which was

found to protect the brain against changes in the Nissl substance

—

morphin—gave a negative result in the Cannon test for adrenalin.

After excision of the suprarenals, or after division of their nerve

supply, all Cannon tests for adrenalin were negative.

Histologic Studies of the Suprarenal Glands.

Histologic studies of the suprarenal glands after the application

of the adequate stimuli which gave positive results to the Cannon

tests for adrenalin are now in progress and thus far the histologic

studies corroborate the functional tests.

In hibernating woodchucks, the cells of the adrenal cortex were

found to be vacuolated, and shrunken. In loo hours of insomnia,

in surgical shock, in strong fear, in exhaustion from fighting, in pep-

tone injections, in acute infections, the suprarenal glands undergo



276 CRILE—THE KINETIC SYSTEM. [April 22.

histological changes characteristic of exhaustion. Alkalies cause

suprarenal changes, but acids do not.

We have shown that brain and suprarenal activity go hand in

hand^that is, that the suprarenal secretion activates the brain, and

that the brain activates the suprarenals. The fundamental question

which now arises is this : Are the brain and the suprarenals inter-

dependent? A positive answer may be given to this question, for

the evidence of the dependence of the brain upon the suprarenals is

as clear as is the evidence of the dependence of the suprarenals upon

the brain, (i) After excision of the suprarenals, the brain-cells

undergo continuous histological and functional deterioration until

death. During this time the brain progressively loses its power to

respond to stimuli and there is also a progressive loss of muscular

power and a diminution of body temperature. (2) In our crossed

circulation experiments we found that adrenalin alone could cause

increased brain activity, while histologically we know that adrenalin

alone causes an increase of the Nissl substance. An animal both of

whose suprarenals had been excised showed no hyperchromatism in

the brain-cells after the injection of strychnin, of toxins, of foreign

proteins, etc. (3) When the suprarenal nerve supply was divided

(Cannon-Elliott), then there was no increased suprarenal activity in

response to adequate stimuli.

From these studies we are forced to conclude not only that the

brain and suprarenals are interdependent, but that the brain is ac-

tually more dependent upon the suprarenals than the suprarenals

upon the brain, since the brain deteriorates progressively to death

without the suprarenals, while the suprarenals whose connection with

the brain has been broken by the division of their nerve supply will

still produce sufficient adrenalin to support life.

From the strong affinity of the brain-cells for adrenalin which

was manifested in our experiments, we may strongly suspect that

the Nissl substance is a volatile, extremely unstable combination of

certain elements of the brain-cells and adrenalin because the supra-

renal glands alone do not take the Nissl stain and the brain deprived

of adrenalin does not take Nissl stain. The consumption of the Nissl

substance in the brain-cells is lessened or prevented by morphin as is

the output of adrenalin ; and the consumption of the Nissl substance
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is also lessened or prevented by nitrous oxid. But morphin does not

prevent the action of adrenalin injected into the circulation, hence the

control of morphin over energy expenditure is exerted directly on

the brain-cells. Apparently morphin and nitrous oxid both act

through this interference with oxidation in the brain. We, therefore,

conclude that within a certain range of acidity of the blood adrenalin

can unite with the brain-cells only through the mediation of oxygen,

and that the combination of adrenalin, oxygen, and certain brain-

cell constituents causes the electric discharge that produces heat and

motion. In this interrelation of the brain and the suprarenals, we

have what is perhaps the master key to the automatic action of the

body. Through the special senses environmental stimuli reach the

brain and cause it to liberate energy which in turn activates certain

other organs and tissues, among which are the suprarenal glands.

The increased output of adrenalin activates the brain to still greater

activity, as a result of which again the entire sympathetic nervous

system is further activated, as is manifested by increased heart action,

more rapid respiration, raised blood-pressure, increased output of

glycogen, increased power of the muscles to metabolize glucose, etc.

If this conclusion is well founded, we should find corroborative

evidence in histologic changes in that great store-house of potential

energy, the liver, as a result of the application of each of the ade-

quate stimuli which produced brain-cell and suprarenal changes.

The Liver.

Prolonged insomnia, prolonged physical exertion, infections, in-

jections of toxins, and of strychnin, rage and fear, physical injury

under anesthesia, in fact all of the adequate stimuli which affected

the brain and the suprarenals, produced constant and identical histo-

logic changes in the liver—the cells stained poorly, the cytoplasm was

vacuolated, the nuclei were crenated, the cell membranes were irreg-

ular, the most marked changes occurring in the cells of the periphery

of the lobules. In prolonged insomnia the striking changes in the

liver were repaired by one seance of sleep.

Are the histologic changes in the liver cells due to metabolism or

toxic products or are they " work " changes incident to the conversion

of latent into kinetic energy? Are the brain, suprarenals and liver
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interdependent? The following facts establish the answers to these

queries

:

1. The duration of life after excision of the liver is about the

same as after adrenalectomy—approximately eighteen hours.

2. The amount of glycogen in the liver was diminished in all of

the experiments showing brain-suprarenal activity ; and when the

histologic changes were repaired, the normal amount of glycogen was

again found.

3. In crossed circulation experiments changes were found in the

liver of the animal whose brain received the stimulus.

From these premises we must consider that the brain, the supra-

renals, and the liver are mutually dependent on each other for the

conversion of latent into kinetic energy. Each is a vital organ—each

equally vital. It may be said that excision of the brain may ap-

parently cause death in less time than excision of the liver or supra-

renals, but this statement must be modified by our definition of death.

If all the brain of an animal be removed by decapitation, its body

may live on for at least eleven hours if its circulation be maintained

by transfusion. An animal may live for weeks or months after ex-

cision of the cerebral hemispheres and the cerebellum, while an over-

transfused animal may live many hours, for days, even after the

destruction of the medulla. It is possible even that the brain actually

is a less vital organ than either the suprarenals or the liver.

In our research to discover whether any other organs should be

included with the brain, the suprarenals and the liver in this mutu-

ally interdependent relation, we hit upon an experiment which throws

light upon this problem.

Groups of rabbits were gently kept awake for 100 hours by relays

of students,—an experiment which steadily withdrew energy but

caused not the slightest physical or emotional injury to any of them;

no drug, toxin, or other agent was given to them ; they were given

sufficient food and drink. In brief, the internal and external envi-

ronments of these animals were kept otherwise normal excepting for

the gentle stimuli which ensured continued wakefulness. This pro-

tracted insomnia gradually exhausted the animals completely, some

to the point of death even. Some of the survivors were killed im-
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mediately after the expiration of lOO hours of wakefulness, others

after varying intervals.

Histological studies were made of every tissue and organ in the

body. Three organs, the brain, the suprarenals, and the liver, and

these three only showed histologic changes. In these three organs

the histologic changes were marked, and were almost wholly repaired

by o\ie seance of sleep. In each instance these histologic changes

were identical with those seen after physical exertion, emotions,

toxins, etc. It would appear, then, that these three organs take the

stress of life—the brain is the battery, the suprarenals the oxidizer,

and the liver the gasoline tank. The clear-cut insomnia experiment

corresponds precisely with our other brain-suprarenal observations.

With these three kinetic organs we may surely associate also the

" furnace," the muscles in which the energy provided by the brain,

suprarenals and liver, plus oxygen, is fabricated into heat and motion.

Benedict in his monumental work on metabolism has demonstrated

that in the normal state, at least, variations in the heart beat parallel

variations in metabolism. He and others have shown that all energy

of the body, whether evidenced by heat or by motion, is produced in

the muscles. In the muscles then, we find the fourth vital link in the

kinetic chain. The muscles move the body, circulate the blood,

effect respiration, and govern the body temperature. They are the

passive servants of the brain-suprarenal-liver syndrome.

Neither the brain, the suprarenals, the liver, nor the muscles,

however, nor all of these together, have the power to change the rate

of the expenditure of energy ; to make possible the increased ex-

penditure in adolescence, in pregnancy, in courting and mating, in

infections. No one of these organs, nor all of them together, can

act as a pacemaker or sensitizer. The brain acts immediately in

response to the stimuli of the moment; the suprarenals respond in-

stantly to the fickle brain and the effects of their actions are fleeting

;

the liver contains fuel only and cannot activate, and the muscles in

turn act as the great furnace, in which the final transformation into

available energy is made.

Another organ—the thyroid—has the special power of govern-

ing the rate of discharge of energy; in other words, the thyroid is

the pace-maker. Unfortunately, the thyroid cannot be studied to
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advantage either functionally or histologically, for there is as yet no

available test for thyroidism in the blood as there is for adrenalin,

and thyroid activity is not attended by striking histologic changes.

Therefore the only laboratory studies which have been satisfactory

thus far are those by which the iodin content of the thyroid has been

established. Iodin is stored in the colloid lacunje of the thyroid and

in combination with certain proteins is the active agent of the thyroid.

Beebe has shown that electrical stimulation of the nerve supply

of the thyroid diminishes the amount of iodin which it contains and

it is known that in the hyperactive thyroid in Graves' disease the

iodin content is diminished. The meagerness of laboratory studies,

however, is amply compensated by the observations which the sur-

geon has been able to make on a vast scale—observations which are

as definite as are the results of laboratory experiments.

The Thyroid.

The brain-cells and the suprarenal glands are securely concealed

from the eye of the clinician, hence the changes produced in them by

difTerent causes escape his notice, but the thyroid has always been

closely scrutinized by him. The clinician knows that every one of

the above mentioned causes of increased brain-cell, suprarenal, liver

and muscle activity may cause an increase in the activity of both the

normal or the enlarged thyroid ; and he knows only too well that in

a given case of exophthalmic goiter, the same stimuli which excite

the brain, the suprarenals, the liver, and the muscles to increased

activity will also aggravate this disease.

The function of the thyroid in the kinetic chain is best evidenced,

however, by its role in the production of fever. Fever results from

the administration of thyroid extract alone in large doses. In the

hyper-activity of the thyroid in exophthalmic goiter, one sees a

marked tendency to fever ; in severe cases there is daily fever. In

fact, in Graves' disease we find displayed to an extraordinary degree

an exaggeration of the whole action of the kinetic mechanism.

We have stated that in acute Graves' disease there is a tendency

to the production of spontaneous fever, and that there is a magnified

diurnal variation in temperature which is due to an increased output

of energy in even the normal reaction producing consciousness. In
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Graves' disease there is, therefore, a state of intensified conscious-

ness, which is associated with low brain thresholds to all stimuli

—

both to stimuli that cause muscular action and to stimuli that cause

fever. The intensity of the kinetic discharge is seen in the constant

fine tremor. It is evident that the thresholds of the brain have been

sensitized. In this hypersensitization we find the following strong

evidence as to the identity of the various mechanisms for the pro-

duction of fever. In the state of superlative sensitization which is

seen in Graves' disease, we find that the stimuli that produce mus-

cular movement, the stimuli that produce emotional phenomena and

the stimuli that produce fever are as nearly as can be ascertained

equally effective. Clinical evidence regarding this point is abundant,

for in patients with Graves' disease we find that the three types of

conversion of energy resulting from emotional stimulation, from

nociceptor stimulation (pain), and from infection stimulation are,

as nearly as can be judged, equally exaggerated. In the acute cases

of Graves' disease the explosive conversion of latent energy into heat

and motion is unexcelled by any other known normal or pathological

phenomenon. Excessive thyroid secretion, as in thyrotoxicosis from

functioning adenomata, and excessive thyroid feeding, cause all the

phenomena of Graves' disease except the exophthalmos and the emo-

tional facies. Ligation of arteries, division of nerve supply and

excision of part of the gland may reverse the foregoing picture and

restore the normal condition. The patient notes the eft'ect on the

second day and often within a week is relatively quiescent. On the

contrary if there is thyroid deficiency there is the opposite state,

a reptilian sluggishness.

At will, then, through diminished, normal or excessive adminis-

tration of thyroid secretion, we may produce an adynamic, a normal,

or an excessively dynamic state. By the thyroid influence, the brain

thresholds are lowered and life becomes exquisite; without its in-

fluence the brain becomes a globe of relatively inert substance. Ex-

cessive doses of iodin alone cause most of the symptoms of Graves'

disease. The active constituent of the thyroid is iodin in a special

protein combination. Thus is stored in the colloidal spaces. Hence

one would not expect to find changes in the cells of the thyroid gland

as a result of increased activity unless it be prolonged.
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We have thus far considered the normal roles played by the brain,

the suprarenals, the liver, the muscles and the thyroid in transform-

ing latent into kinetic energy in the form of heat and motion as an

adaptive response to environmental stimuli.

The argument may be strengthened, however, by the discussion

of the effect of the impairment of any of these links in the kinetic

chain upon the conversion of latent into kinetic energy.

Effect Upon the Output of Energy of Impaired or Lost Func-

tion OF Each of the Several Links in the

Kinetic Chain.

1. The Brain: Cerebral softening.—In cerebral softening we

may find all the organs of the body comparatively healthy excepting

the brain. As the brain is physically impaired it cannot normally

stimulate other organs to the conversion of latent energy into heat

or into motion, but on the contrary in these cases we find feeble mus-

cular and intellectual power. I believe also we find that in patients

with cerebral softening, infections such as pneumonia show a lower

temperature range than in patients whose brains are normal.

2. The Suprarenals.—In such destructive lesions of the supra-

renal glands as Addison's disease one of the cardinal symptoms is a

subnormal temperature and impaired muscular power. Animals upon

whom double adrenalectomy has been performed show a striking

fall in temperature, muscular weakness—after adrenalectomy the

animal may not be able to stand even—and progressive chromato-

lysis. The significance of the last will be pointed out later.

3. The Liver.—When the function of the liver is impaired by

tumors, cirrhosis, or degeneration of the liver itself, then the entire

energy of the body is correspondingly diminished. This diminution

of energy is evidenced by muscular and mental weakness, by dimin-

ished response and by a gradual loss of efficiency which finally

reaches the state of asthenia.

4. The Muscles.—It has been observed clinically that if the

muscles are impaired by long disuse, or by a disease such as myas-

thenia gravis, then the range of production of both heat and motion

is below normal. This is in agreement with the experimental find-

ings that anesthetics, curare, or any break in the muscle-brain con-

nection causes diminished muscular and heat production.
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5. The Thyroid.—In myxedema one of the cardinal symptoms is

a persistently subnormal temperature and though prone to infection,

subjects of myxedema show but feeble febrile response and readily

succumb. This clinical observation is strikingly confirmed by labo-

ratory observations; normal rabbits subjected to fear showed a rise

in temperature of from one to three degrees while two rabbits whose

thyroids had been previously removed and who had then been sub-

jected to fright showed much less febrile response. Myxedema sub-

jects show a loss of physical and mental energy which is proportional

to the lack of thyroid. Deficiency in any of the organs of the kinetic

chain causes alike loss of heat, loss of muscular and emotional action,

of mental power and of the power of combating infections—the

negative evidence thus strongly supports the positive. By accumu-

lating all the evidence we believe we are justified in associating the

brain, the suprarenals, the thyroid, the muscles and the liver as vital

links in the kinetic chain. Other organs play a role undoubtedly,

though a minor one. If our conclusions are sound, then in the

kinetic system we should find an explanation of many diseases, and

having found an explanation, we may find new methods of combat-

ing them.

Kinetic Diseases.

In the foregoing conclusions we find a simple explanation of

certain diseases. When the kinetic system is driven at an over-

whelming rate of speed—as by severe physical injury, by intense

emotional excitation, by perforation of the intestines, by the pointing

of an abcess into new territory, by the sudden onset of an infectious

disease, by an overdose of strychnin, by a Marathon race, by a grill-

ing fight, by foreign proteins, by anaphylaxis,—the result of these

acute overwhelming activations of the kinetic system is clinically

designated shock, and according to the cause is called traumatic

shock, toxic shock, anaphylactic shock, drug shock, etc.

The essential pathology of shock is identical whatever the cause.

If, however, instead of an intense overwhelming activation, the ki-

netic system is continuously or intermittently overstimulated through

a considerable period of time, as long as each of the Hnks in the

kinetic chain takes the strain equally the result will be excessive
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energy conversion, excessive work done; but usually, under stress,

some one link in the chain is unable to take the strain and then the

evenly balanced work of the several organs of the kinetic system is

disturbed. If the brain cannot endure this strain, then neurasthenia,

nerve exhaustion, or even insanity follows. If the thyroid cannot

endure the strain it undergoes hyperplasia, which in turn may result

in a colloid goiter or in exophthalmic goiter. If the suprarenals can-

not endure the strain, cardiovascular disease may develop. If the

liver cannot take the strain then death from acute acidosis may fol-

low, or if the neutralizing effect of the liver is only partially lost,

then the acidity may cause Bright's disease. Over-activation of the

kinetic system may cause glycosuria and diabetes.

Identical physical and functional changes in the organs of the

kinetic system may result from intense continued stimulation from

any of the following causes, excessive physical labor, athletic exer-

cise, worry or anxiety, intestinal auto-intoxication, chronic infections

such as oral sepsis, tonsillitis and adenoids ; chronic appendicitis,

chronic cholecystitis, colitis, and skin infections ; the excessive in-

take of protein food (foreign protein reaction); emotional strain,

pregnancy, stress of business of professional life—ah of which are

known to be activators of the kinetic system.

From the foregoing statements we are able to understand the mus-

cular weakness following fever; we can understand why the senile

have neither muscular power nor strong febrile reaction ; why long-

continued infections produce pathologic changes in the organs con-

stituting the kinetic chain ; why the same pathologic changes result

from various forms of activation of the kinetic system. In this

hypothesis we find a reason why cardiovascular disease may be

caused by chronic infection, by auto-intoxication, by overwork, or by

emotional excitation. We now see that the reason why we find so

much difficulty in differentiating the numerous acute infections from

each other is because they play upon the same kinetic chain. Our

postulate harmonizes the pathological democracy of the kinetic

organs, for it explains not only why in many diseases the patholog-

ical changes in these organs are identical, but why the same changes

are seen as the result of emotional strain and overwork. We can
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thus understand how either emotional strain or acute or chronic in-

fection may cause either exophthalmic goiter or cardiovascular

disease; how chronic intestinal stasis with the resultant absorption

of toxins may cause cardiovascular disease; neurasthenia or goiter.

Here is found an explanation of the phenomena of shock, whether

the shock be the result of toxins, of infection, of foreign proteins, of

anaphylaxis, of psychic stimuli, or of a surgical operation with its

combination of both psychical and traumatic elements.

This conception of the kinetic system has stood a crucial test by

making possible the shockless surgical operation. It has offered a

plausible explanation of the cause and the treatment of Graves'

disease. Will this kinetic theory stand also the clinical test of con-

trolling that protean disease bred in the midst of the stress of our

present-day life? Present-day life, in which one must ever have

one hand on the sword and the other on the throttle, is a constant

stimulus of the kinetic system. The force of these kinetic stimuli

may be lessened at the cerebral link by intelligent control—a pro-

tective control is empirically attained by many of the most successful

men. The force of the kinetic stimuli may be broken at the thyroid

link by dividing the nerve supply, reducing the blood supply, or by

partial excision ; or if the suprarenals feel the strain, the stimulating

force may be broken by dividing their nerve supply, reducing the

blood supply, or by partial excision. No theory is worth more than

its yield in practice, but already we have the shockless operation, the

surgical treatment of Graves' disease, the control of shock and the

acute infection by overwhelming morphinization.

Conclusions.

To become adapted to their environment animals are trans-

formers of energy. This adaptation to environment is made by

means of a system of organs evolved for the purpose of converting

potential energy into heat and motion. The principal organs and

tissues of this system are the brain, the suprarenals, the thyroid, the

muscles and the liver. Each is a vital link—each plays its particular

role and one cannot compensate for the other. A change in any link
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of the kinetic chain modifies proportionately the entire kinetic

system, which is no stronger than its weakest link.

In this conception we find a possible explanation of many diseases

—one which may point the way to new and more effective thera-

peutic measures than those now at our command.

Cleveland, O.,

April 23, 1914.
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(Read April 23, 1914.)

The interest now very widespread, in the physiology of the

heart-beat developed from certain observations which Carlo Mat-

teucci made some seventy-two years ago, and which he communi-

cated in 1842 to the Academy at Paris. He established the fact that

the muscle of a nerve-muscle preparation contracted if its nerve

were laid across a second muscle which had been made to contract.

He believed that the stimulus which the nerve received, and which

it conveyed to its attached muscle was electrical in nature. Thirteen

years later, in 1855, Kolliker and H. Miiller widened the scope of

Matteucci's observations by demonstrating in the same way that, if

the nerve of a similar nerve-muscle preparation were laid across a

heart, the muscle of the preparation likewise contracted, because, as

in Matteucci's experiment, a current, called a current of action, was

discharged from the contracting heart and was conveyed to the

muscle.

These discoveries continue to be the primary subjects of experi-

ment in contemporary studies in the mechanism of the heart-beat. The

first experiments dealing with action currents were made by Mar-

chand, Engelmann, and by Burdon-Sanderson and Page, who used

a Bernstein rheotome in their investigations, but later the use of the

capillary electrometer of Lippmann was introduced, especially by

Marey, Waller, by Bayliss and Starling, Gotch and others. Marey

in 1876 was the first to obtain permanent records of the action cur-

rents of the heart by photographing the motions of the meniscus of

the mercury column of the electrometer on a moving sensitive

surface. This record was a continuous curve in which could be

distinguished various waves, one of which has been identified as

synchronous with the contraction of the auricles, the upper chambers

287
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of the heart, and certain others with the contraction of the ven-

tricles, the lower pair of heart chambers. At first all records were

obtained by applying electrodes directly to the surface of the heart

as it lay exposed in the opened chest, but in 1889 Waller showed that

one could obtain records of these currents by applying suitably con-

structed electrodes to the surface of the body without opening or

injuring it. This discovery opened the way for studying these currents

in the human subject. Waller alsosbowed which were favorable and

which unfavorable locations for placing electrodes, by varying the sit-

uation at which they were applied. From a consideration of records ob-

FiG. I. After Waller. To indicate the spread of the cardiac action

current through the human subject.

tained from a number of positions, now called leads or derivations, he

determined the location of a plane, on the two sides of which the

greatest differences in potential were developed (Fig. i). Those

locations were called favorable which yielded curves showing the

largest waves, and the records were called electrocardiograms. The

differences between electrocardiograms taken indirectly in this way

and those taken directly from the surface of the heart are ones of

contour and do not involve the important time relations of the

various elements composing the curve.

With the knowledge that the heart discharged action currents,

and a method for conducting these from the uninjured surface of

the body to a registering instrument, the time was ripe for the con-

struction of a galvanometer better fitted to the purposes of physio-

logical and medical research. W. Einthoven of Leyden in 1902-6

described and built this instrument. Its completion at that time was
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especially fortunate, for fresh discoveries in anatomy and physi-

ology were almost simultaneously announced. In the interpretation

of the significance of these, the galvanometric method of registration

was especially valuable.

The principles Einthoven employed were in use in Deprez-

D'Arsonval's instrument. From these he developed formulae which

formed the basis of the galvanometer he constructed. An instru-

PROC. AMER. PHIL. SOC, LIII, 215, S, PRINTED DEC. II, I9I4-
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ment built on similar lines for use as an ocean telegraph recorder

had already been devised by Ader, but of this he was unaware at the

time. It depends on the principle that a conductor suspended in a

magnetic field is deflected at right angles to the lines of force when

a current passes through it. The conductor chosen is usually a

silvered quartz or platinum thread, 87 to 100 mm. long, 3 to 6 micra

thick, having a resistance of 3,000 to 6,000 ohms It is suspended

vertically between the poles of two powerful electro-magnets (Fig.

2). The thread is illuminated by the rays of an arc light which are

focused on it by a system of lenses and a substage condensor. To

accommodate this condensor the pole of one electro-magnet is bored.

The motions of the string are magnified and projected on a record-

ing photographic surface by a microscope held in a similar bore in

the pole of the other electro-magnet. The degree of magnification

may be varied according to the needs of the investigator, but, in

order to maintain a degree of uniformity in the appearance and in

the electrical value of curves obtained in different laboratories, cer-

tain arrangements have become conventional. These include the

strength of the magnetic field, the tension of the string and its de-

flection time. The strength of the field depends, of course, on its

construction. The tension of the string is adjusted in an appropriate

manner so that a current having the value of one millivolt, when

allowed to pass through it, causes a deflection of i cm. It has been

found desirable to obtain a deflection of this extent within a definite

length of time, usually 0.02 seconds or less. When the deflection

time is longer, certain waves in the electrocardiogram tend to dis-

appear.

But in order to obtain an electrocardiogram, more is necessary

than to include an individual in the string circuit. For although the

usual cardiac action current does not deflect the string, when it is at

the prescribed tension, beyond the optical field, the skin or constant

current, which is also continuously discharged from the body, and

which is composed of the summed discharges from the other elec-

trically active tissues of the organism, may do so, and it is usually

sufficiently great to deflect the string far beyond the field of the

microscope. This current does not show the rapid changes of potential

difiference that the action current from the heart does. On the
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whole, its strength is uniform and changes so little within small

limits of time as to render the change negligible. There is conse-

quently no danger of confusing it with the rapid changes in electrical

potential which compose the electrocardiogram. In order to keep

the string in the optical field, from which the constant or skin current

tends to deflect it, a system of compensation has been found neces-

sary. This system comprises another source of current, a commu-

tator and a series of resistances which are introduced into the string-

heart circuit. The action current to be recorded, and with it the

constant current, are permitted by a shunt to pass through the string

in increasing amounts, so enabling one to allow a sufficient electro-

motive force of opposite polarity to the skin current to enter the

circuit. Compensation in routine examinations becomes a simple

procedure. To complete the records, a time curve and a millimeter

scale are photographed on the record.

The most fruitful method of investigating the identity of the

parts of the electrocardiogram has probably been that of recording

synchronously on the same curve the electrocardiogram and mechan-

ical curves representing the motions of the heart. As the result of

these studies, it has been concluded that the contraction of the

auricles is represented electrically by the P wave, the first wave in

the cardiac cycle (Fig. 4), while the Waves Q, R, S, T, which follow

it form a group in the electrocardiogram which are associated with

ventricular activity. The term ventricular activity is purposely

chosen, for there is as yet no uniformity of opinion in respect to

designating which ventricular function it is which this complex of

waves represents. Opinion is divided as to whether the complex

represents the act of conduction, the state of muscular irritability,

or actual contraction. It is doubtless unprofitable to analyze this

discussion, and probably quite impossible to decide between these

interpretations now. Of this much one can be certain, that the

QRST complex does not occur unless the ventricles have been

seen or known to contract. The significance of the individual waves

of this group is also still a matter wrapped in doubt. Most writers

favor the view that the wave Q, w'hen present, signifies that the

earliest ventricular activity has taken place near the apex of the

heart, that the R wave represents the assumption of predominance
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by the ventricular base, while vS indicates a return of activity to the

apex. The significance of the T wave is a hotly disputed point.

Some hold it to represent the return of activity to the base of the

ventricles in the later part of systole, because of an analogy which is

drawn between the arterial base of the heart and the distal end of

the primitive cardiac tube, which is, of course, the last segment to

become affected by the wave of peristalsis which passes over it.

The most important arguments against this interesting assumption

have been supplied by Garten and his pupils, Clement and Erfmann.

These investigators have all shown that the T wave occurs at the

same instant of time at all points on the heart's surface, and refer

its occurrence, as does also Einthoven, to a function inherent in

muscular contraction. According to these authors, it represents the

second wave in a current essentially diphasic. One need scarcely

point out the fact that its presence simultaneously throughout the

cardiac surface precludes the possibility of its occurring as the end

phase of a peristaltic contraction.

Aside from the auricular representative and the group of waves

representing ventricular activity, two other portions of an electro-

cardiographic curve must be described. The less debated of these

is the portion following the T wave, the isoelectric period between

the end of T and the beginning of P. It represents the diastole of

the heart cycle,—from the end of the ventricular to the beginning of

the next auricular contraction,—the rest period of the heart. The

other portion is that lying between the wave P and the complex

QRST; this portion also is usually isoelectric, but occasionally, as

Einthoven has pointed out, its level departs from the base line. It is

the period which represents the time occupied by the passage of im-

pulses from the contracting auricles to the beginning of ventricular

activity, and is called the conducting period.

We must now return to consider those other newer aspects of the

study of the mechanism of the heart-beat to which I have referred

in speaking of recent anatomical and physiological contributions.

Before 1883 the theories held to explain coordination between the

upper or auricular pair of the cardiac chambers and the lower ven-

tricular pair consisted principally of an old notion of Haller's to the

effect that the ventricles contracted in response to stimuli conveyed
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to them by the act of filHng, while others held and some do still that

coordination between the two pairs rested on a carefully adjusted

mechanism involving the passage of impulses over nervous channels.

The need for theories of this sort lay in the fact that no muscular

connection between the auricles and ventricles was known to exist.

But in 1883, W. Gaskell convinced himself that the conduction of

impulses in the heart must pass over muscular pathways, and Wool-

dridge and Tigerstedt contributed experiments which pointed to the

Aortic Valve.

Mitral Valve.

Jranch to Anterior
Papillary Muscle.

Left Division o
A- ;' Bundle.

Branch to Posterior

Papillary Muscle.

Branch to Apex.

Fig. 3. Ox-heart. Injection with dilute India ink of the bursa-like

spaces surrounding the left branch of the A-V bundle.

probability of Gaskell's contention. Ten years later (1893) Stanley

Kent and His, Jr., actually saw and described a bundle of connecting

muscular fibers. Since then (1893-1908) the existence of this struc-

ture, best called the auriculo-ventricular bundle, has been sufficiently

confirmed. It passes from the lowest level of the auricles, divides

into two and supplies a branch to each ventricle (Fig. 3). It has a

peculiar muscular structure. In some species it contains large neural

elements, but in man and the higher mammals only fine nerve fibrillge
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are found within it. With the estabhshment of the fact that the

auriculo-ventricular bundle possessed this mixed structure, discussion

as to whether conduction was nervous or muscular has gone out of

fashion. Its essential function consists in conducting impulses and

so coordinating the rhythms of the auricles and ventricles. To prove

that it actually performs this function, its structure has been de-

stroyed in experiments. In these the result anticipated was realized

;

auricles and ventricles continued to beat, each at a rate of its own

and each in a rhythm without reference to the other. Two other

facts are known about this bundle ; first, that it can conduct impulses

in a backward direction (from ventricles to auricles) as well as for-

wards ; and second, that it conducts a little slower, especially at its

upper terminal, than the rest of the heart muscle. We shall return

to a consideration of this structure in relation to electrocardiography.

In 1906 another structure situated at the junction of the superior

vena cava and the right auricular appendix was discovered by Keith

and Flack. It is a small structure called the sino-auricular node.

It has a sectional area O'f 0.3 by o.i cm., and attains a length of from

2.0 to 3.0 cm. Its existence has been abundantly verified. Like the

conduction bundle, it also contains large and fine nerve elements.

The comparative anatomy of both these structures has been traced

by Ivy Mackenzie and by Kiilbs, while the embryology has been

studied by Professor Mall. It is the discovery of these two struc-

tures, the sino-auricular node and the auriculo-ventricular system,

which has added a second new and significant chapter to our store of

information relating to the mechanism of the heart-beat.

The sino-auricular node has been recognized as the structure

which usually initiates impulses for the contraction of the whole

heart, and at the same time sets and maintains its rate. These prop-

erties have been attributed to it because excision or exclusion of the

node from function reduces the rate of the heart-beat, and some-

times even stops it. Afterwards it begins gradually to contract

again, but the original rate is not restored. It can usually be shown

that another portion of the heart now sets the pace. Other methods

have been employed to ascertain its functions ; warmth applied to the

site of the node accelerates the rate of the heart; cooling slows it.

Attempts to alter the temperature elsewhere of the surface do not
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have this effect. But more important information still is gained by

means of the galvanometer. It has been demonstrated that each

heart-beat begins at the node, because artificial contractions due to

stimuli applied here yield curves of a shape identical with those re-

sulting from spontaneous discharges; similar stimuli applied else-

where fail of this identity. And finally, the law that the site at which

contraction begins is primarily negative to other portions of the same

strip of muscle is valid here. Lewis and Oppenheimer, Wybauw,

Clement and Sulze have all been able to show that in contraction,

the site of the node is primarily negative to all other portions of the

auricular surface.

We have described the newly discovered structures in the mam-

malian heart. The function of the sinus node, in so far as it is now

known, is to initiate impulses for the whole heart and to determine

their rate; Lewis has aptly called it the pacemaker. The auriculo-

ventricular bundle provides for coordination in the complicated

mechanism of the heart. We must next show how, in the light of

these structures, the electrocardiogram has been employed in eluci-

dating the mechanism of the heart-beat. Althought the sinus node

and the conduction bundle are very small indeed in comparison with

the size of the whole heart, it is chiefly to these that the attention of

investigators has been directed, while to the great mass of the organ

which is charged with the real work of carrying on the circulation,

very little research has been devoted. Our account of the electro-

physiology of the heart must, therefore, be necessarily incomplete,

and incomplete in just the direction in which one had hoped for light,

—namely, in an attempt to employ electrical estimations as measures

of the contractile force of the heart.

To be useful, the first demand of a method is that it give constant

readings, and observation has shown that the electrocardiogram satis-

fies this demand, for its waves tend to remain unaltered in shape and

size. When they alter, an ascertainable disturbance has in many

cases been found as the cause. An electrocardiogram is, therefore,

a reliable record. Its constancy is illustrated in records obtained

from various classes of animals. They have certain characteristics

in common, so that one can easily distinguish, for example, electro-

cardiograms of amphibia from those of the higher mammals. And
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of the mammals, the species which have been studied, the horse,

rabbit, cat, dog and man, each shows certain definite characters on the

basis of which it can be recognized. Einthoven and Lewis and Gil-

der have studied human electrocardiograms and have defined within

certain limits the usual form of curves taken from normal persons.

But dififerentiation can go further, for the records of individuals have

been found to difi^er widely from person to person in health, and

more widely still in disease. Whatever form, either normal or ab-

normal, the curve assumes, this remains characteristic for the indi-

vidual, for a certain length of time at all events, though the records

be registered by different instruments and recorded by different in-

vestigators. An electrocardiogram may indeed attain a form so

peculiarly personal that the suggestion has actually been made that it

be employed to serve the purposes of identification in much the same

way as the Bertillon system does. We may therefore regard the elec-

trocardiogram as a valid and reliable record.

A number of the factors which can bring about variations from a

normal curve are understood. Some of these may now be enumer-

ated. The auricular wave, in the first place, is modified by the nature

of the derivation or lead used ; in this case the most favorable situ-

ations to employ are usually the two upper extremities, but under

certain circumstances two points on the chest wall have been found

preferable. A rare and not altogether satisfactorily established de-

fect in the auricular mechanism is a lack of synchronicity between

the contractions of the two auricles. This defect has occasionally

been found to split the P wave. But the most significant alteration

occurs when the P wave, instead of being directed upward, the direc-

tion which in the usual arrangement is associated with primary nega-

tivity at the site of the sinus node, is directed downward, an alteration

which presumably shows that primary negativity has occurred at a

lower level of the auricles. This change takes place when the sinus

node is excluded from function, and when another part of the auricle

sets the pace instead, but it also occurs spontaneously as the result

of causes, the nature of which is not clear. It has been our good

fortune to observe on a few occasions a gradual transition from P

waves directed upward to P waves directed downward; if the apices

of succeding P waves in such curves are joined, a curved line results.
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This very curious phenomenon depends on an obscure mechanism,

and unfortunately we have no satisfactory explanation for it. We
know that where we have seen it best, it was associated with acci-

dental intoxication by the drug digitalis. But we have seen indica-

tions of it in other connections which render its interpretation im-

possible with our present knowledge.

Some of the changes which are observed in the ventricular elec-

trocardiogram are more easily explained. Considered as a whole,

that is to say, in the light of the three usual leads of Einthoven (the

first from the two arms, the second from the right arm and the left

leg, and the third from the left arm and the left leg), one obtains

a great many curves in which the waves in the first lead are inverted,

and others in which inversion takes place in the third lead. Changes

such as these result from a variety of causes. A heart which is not

firmly anchored, but is easily shifted within the chest cavity by

changes in the position of the body, may yield curves in which in-

verted waves appear. Comparable changes may result when the

heart is pushed by air or fluid introduced in the chest, or when it

is pulled to one or the other side by bands of adhesion stretched be-

tween the heart's surface and the chest wall. The explanation now

ofifered for these phenomena by Einthoven and others is that the

relation, determined by Waller, of the electrical axis of the organ to

the body axis has become altered. Similar causes are probably at

work in the electrical changes which are seen in increases in size of

the heart, whether due to dilatation of its cavities, or to thickening

of its walls ; and the curves vary according to which side of the organ

is involved. When the right side undergoes these changes, it is in

the first lead that the ventricular waves become negative (Fig. 4) ;

when it is the left side (Fig. 5), the negative waves appear in the

third lead. Although alteration in the relation of the electrical axis

and the body axis is the cause, that is to say, the mechanical, ana-

tomical cause, commonly given for such deviations from the normal

curve, it appears necessary to remember that in hypertrophy of the

heart the balance of the sum of potential dififerences which produces

the normal electrocardiogram must be disturbed, and that a rear-

rangement, that is to say, a functional rearrangement, of the parts

of this sum must occur and might of course result in the changes we
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Fig. 4. Electrocardiogram showing the three usual leads of Einthoven.

From a heart showing hypertrophy of its right ventricle.

Fig. 5. Electrocardiogram showing the three usual leads of Einthoven.

From a heart showing hypertrophy of its left vertricle.
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are describing. More exaggerated changes still are observed when

there is no alteration, either in the size or in the position of the

heart ; and these are due to the manner in which impulses are prop-

agated to the ventricles from the contracting auricles. The pathway

followed normally has already been described, but now the normal

path cannot be taken, for it has been partly destroyed. It has been

shown that when the conduction bundle to the right ventricle is

pR T

^

w^J^\^.A^./^

Fig. 6. Electrocardiogram from a dog. Leads from oesophagus and

anus. Above: first portion is a control; the second is a curve taken after

the left branch of the A-V bundle has been cut. Below : control and a curve

taken after the right branch of the A-V bundle has been cut. After Roth-

berger and Eppinger.

severed, allowing impulses to reach only the left ventricle, the electro-

cardiogram immediately takes on another shape, the shape being an

exaggeration of what occurs during enlargements of the left side of

the heart. The first ventricular wave is sharp downward and the

second an upward deflection. If, on the other hand, a similar injury

is done to the conduction bundle to the right ventricle, there is a re-

versal of electrocardiographic curve. It consists of a sharp up-

ward, followed by a downward deflection (Fig 6). Finally, if a

curve of one or other form has been obtained by cutting one or other

branch of the conducting bundle, one can, by severing the still unin-

jured branch, obtain an electrocardiogram which differs from both

the preceding and resembles, though not exactly, the original curve.

These changes depend, then, upon the way impulses pass through
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the heart. An explanation of the nature of these abnormal curves

is obtained by comparing them with others from hearts to which

direct mechanical stimuli have been applied. A stimulus to the left

side of the heart (ventricle) yields a curve like that seen when the

right branch of the conducting bundle is cut, while one applied to

the right side is like the curve seen when the left' tract is cut. Under

both conditions, contraction is initiated at the site of the stimulus,

and the impulse spreads over the heart from this area. The form

of the curve yielded depends on whether the right or left ventricle

initiates the contraction.

The conduction bundle, then, is an important factor in the orderly

cardiac mechanism, but, on account of its exposed position in the

heart, it is frequently injured. The pathway between the auricles

and the ventricles is, therefore, interrupted and impulses from one to

the other are consequently blocked. The ventricles, deprived of

stimuli from above, contract independently and without reference to

the rate or rhythm of the auricular beats. In the study of derange-

ments of the cardiac mechanism of this nature, electrocardiography

has rendered distinct service.

So far we have discussed the mechanism of the heart-beat only in

so far as it relates to the intrinsic arrangements of the heart. But

for the proper exercise of a number of its functions, the heart is sub-

jected to the influence of the central nervous system. In the study

of this influence the galvanometer has been not only useful, but

essential. Branches from the central nervous system to the heart

exercise functions of two sorts,—inhibitory and accelerator. It has

been especially our work to show that the inhibitory or slowing function

is not simple and is not possessed equally by both vagus nerves. To say

that the right vagus nerve principally modifies the rate of the heart

and the left vagus chiefly conduction between its chambers states a

truth and also indicates the presence of a complicated mechanism

which may be explained in the following way : The complexity de-

pends on the fact that the heart was originally an unpaired organ

with a symmetrically distributed nerve supply. This supply, so far

as we are informed, was directed to the junction between the old

sinus venosus and the auricles. In the development of the heart,

a division of the junctional tissue took place; one portion, the right.
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remained at its original level, but became incorporated in the wall

of the right auricle as the sinus node ; the other portion, the left,

became dislocated and moved downward the distance of a whole

chamber, becoming, in the adult mammalian heart, the auriculo-

ventricular node which lies between the auricles and the ventricles.

The importance of these changes in position, from the point of view

of innervation, lies in the fact that the cardiac branches of the two

vagus nerves, which were distributed symmetrically in the primitive

heart, have followed the changed positions of the structures they in-

nervated originally and have become incorporated with them in their

new situations. Consequently, the nodes and their nerves have

assumed different functions. We were led to believe that this change

must have taken place, first by clinical observation, and we have tested

this hypothesis by experiment. As the result of experiments on

many dogs, we were able to decide that when the right vagus nerve

was electrically stimulated, the heart stopped beating. But when the

left vagus nerve was stimulated, the auricles did not stop beating,

but continued, though often at a slower rate. The striking thing

now observed was that these auricular beats failed, either entirely or

only occasionally, of being followed by a ventricular response

(Plate II).

These were the facts. In the light of current teaching, the mo-

tions of the heart are initiated and rate is maintained by the sinus

node. Impulses so initiated are conducted from the auricles to the

ventricles over the narrow conduction path, with which we have be-

come familiar. It follows that, when we find the heart stop as the

result of a stimulus, we must assume the stimulus to have been dis-

tributed to that portion of the heart where the pace-making function

resides, that is to say, at the sinus node. In the same way, when a dis-

turbance in coordination between auricles and ventricles occurs, we

have sufficient evidence to indicate that this occurs as the result of an

eflfect produced at the junctional connecting tissues. We must, there-

fore, conclude that if stimulation of the left nerve brings about this

disturbance, it must necessarily be distributed to this portion of the

heart, that is to say, to the conducting system. Although we think

that these sites, the sino-auricular and the auriculo-ventricular nodes,

are the main terminals of these nerves, it is clear that other functions
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are influenced at the same time when they are stimulated. We have

indeed shown that this is the case. But our main concern has been

to obtain information about essential differences; the likenesses and

the additional influences exerted will be apparent. In this problem

again, the galvanometer has been invaluable. On the basis of ordi-

nary mechanical records, of which we have made many in the course

of this work, we could not have drawn the conclusions just detailed.

Stimulation of the augmentor nerves shows that these have dis-

tributions similar to those of the inhibitors. Rothberger and Winter-

berg have contributed these facts. They have shown that stimulation

of one or other augmentor nerve produces efifects which can be re-

ferred to a modification of the function of the special cardiac tissues

we have discussed in connection with the inhibitory nerves ; and they

have also shown that other differences of an electrocardiographic

nature take place.

We have traced, in recording the newer aspects and methods of

the study of the heart-beat, the influence exerted by the introduction

of electrical methods. Advances by this method were due in large

measure to the construction of an adequate galvanometer. But the

advances in our understanding of the tieart have depended on detailed

anatomical and physiological investigation of the newly discovered

structures in the heart itself. How small a portion it is that has

been studied in relation to the whole heart, and how relatively few

functions of the efficient organ have been included in the recent in-

vestigations, has been indicated. Much remains to be done by the

means at our command, but much also by others still to be devised.

Hospital of The Rockefeller Institute

FOR Medical Research, New York.



THE USE OF A PHOTOGRAPHIC DOUBLET IN CATA-
LOGUING THE POSITIONS OF STARS.

By frank SCHLESINGER.

(Read April 24, 1914.)

In order to utilize for cataloguing and for similar purposes the

positions of stars derived from photographs, it is necessary to know

the scale of the plates, their orientation and their positions in the

sky. In the early days of astronomical photography attempts were

made to determine the scale and the orientation by such methods as

measuring the absolute focal length of the photographing tele-

scope, and by impressing an orienting star trail upon the plate.

These attempts have not been successful and it has now become the

universal practice to employ comparison stars for these purposes

:

that is, stars that appear on the plate with positions known in ad-

vance, usually through observations with the meridian circle. Here

again experience has shown that in the determination of star places

by photography, this matter of comparison stars is usually the

weakest link in the chain. For example, in the case of the Astro-

graphic Catalogue much of the relatively high precision with which

the plates can be measured is lost on account of the lack of suitable

comparison stars.

An experiment that aims to overcome this difficulty is in progress

at the Allegheny Observatory. Instead of employing a simple

objective to photograph the stars, a doublet lens is used. This has

the advantage of much greater extent of field of good definition, at

least six times as great as in the case of the objectives used for the

Astrographic Catalogue. • Consequently in surveying any large area

of the sky, plates taken with the latter kind of telescope will require

(other things being equal) six times as many comparison stars as

the doublet.

The use of the doublet for these purposes was advocated twenty-

five years ago by Pickering, but astronomers have feared that the

use of such an objective might introduce serious errors of various

kinds. The experiments already completed at Allegheny prove that,

303
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with proper precautions, these fears are groundless and that this

form of instrument is admirably adapted for cataloguing purposes.

The detailed results of these experiments will soon appear as No. 9,

Volume 3 of the " Publications of the Allegheny Observatory." On
this occasion it will suffice to give merely the results.

A number of regions covering about twenty-five square degrees

each, were photographed in duplicate, first with the center of the

plate at the center of the region and then with the edge of the plate

in that position. A comparison of the two sets of positions gives

o".i8

as the probable error of the measurement of one image. This

quantity includes not only the accidental error but the following as

well: (i) outstanding errors in the measuring engine; (2) the optical

distortion of the objective, due to a possible failure of the objective

to give a truly linear reproduction of the object photographed; (3)

magnitude distortion due to spherical aberration and causing bright

stars to appear systematically nearer or systematically farther from

the center than faint stars. The result shows that all of these errors

are very small, and additional experiments indicate independently

that (2) and (3) are negligible or very nearly so.

Doublets have been extensively used in astronomy for pictorial

purposes. The doublet that we have used for the above experi-

ments dififers in one important respect from these : the ratio of the

aperture to its focal length is twenty-one instead of five or six

This circumstance is favorable to its performance over a wide field

and is doubtless responsible for the smallness of the optical and the

magnitude distortions.

Our objective covers well a field of twenty-five square degrees,

as compared with four square degrees in the case of the plates for

the Astrographic Catalogue. For the latter, as already stated, six

times as many comparison stars would be necessary in a large piece

of work in order to determine the plate constants equally well. The

scale of the astrographic plates is a little more than double that of

ours, and the purely accidental error of measurement is therefore

somewhat smaller, but not as much smaller as this difference in scale

would imply. In practice, so much of the accuracy of photographic

positions depends upon the comparison stars, that if a large area
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were to be surveyed with both instruments and the same comparison

stars were used in the two cases, our doublet would give the more

accurate results. If there were at hand in some special case com-

parison stars that are much superior in number and in accuracy to

those that are generally available, then the astrographic plates would

give the better positions. Needless to say, a doublet like ours with

twice its aperture and twice its focal length would give still better

results, but this would necessitate plates about 35 centimeters square

and a measuring engine large enough to accommodate them.

Our objective would also be well adapted for compiling zone

catalogues of faint stars similar to those of the Astronomische

Gesellschaft. The latter now extend from 80° north declination to

18° south, a work that has required the cooperation of sixteen ob-

servatories during a considerable number of years. Observations

are in progress that will extend this catalogue farther south, but no

provision has yet been made for the southernmost zones. When
these come to be actively considered, the claims for the doublet

should be carefully weighed. The original plans for the Gesell-

schaft Catalogue included the repetition of the observations after

the lapse of about half a century. This time is now approaching in

the case of some of the northern zones, though others (notably the

one between 70° and 75°) are of more recent origin. The repeti-

tion of all the northern zones, if carried out photographically by

means of a doublet, would be a task well within the powers of a

single observatory. IMoreover there would be a very considerable

gain in accuracy. From the prefaces to the various zones of the

Gesellschaft Catalogue we learn that the probable error of one

observation in either right ascension or declination is on the aver-

age well over o".5o. This was derived from observations made
with the same telescope on different nights, and does not include

certain errors that would be brought out by comparing observations

made at different observatories. Our plates yield for the probable

error of one observation, o".i8. This was obtained by comparing

overlapping plates, but it does not include errors due to inaccuracies

in the positions of comparison stars.

Although the tests we have made with our doublet may be ac-
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cepted as indicating the size of accidental errors and of certain kinds

of systematic error, it cannot be claimed that they tell the whole

story. To make certain that star places thus derived are free from

serious systematic error of any kind, would require much more obser-

vational material and would involve certain extensive intercompari-

sons as well as comparisons with star positions derived by wholly

different methods. Such a work is contemplated at Allegheny and

is in fact well under way. The zone extending from declination 2°

north to 2° 10' south is being photographed in duplicate, the centers

of one set of plates being upon the eastern or western edges

of the other. Each plate will embrace 24 minutes in right ascen-

sion or 6°
; the program at the telescope therefore calls for 120

plates. To determine the plate constants 602 comparison stars will

be employed, an average of ten on a plate. The mean of the two

positions for each catalogue star will therefore depend upon about

fifteen comparison stars. Thanks to the courtesy and cooperation

of Director Campbell and Professor Tucker of the Lick Observatory,

the positions of these 602 stars are being determined with the merid-

ian circle of that institution.

Within the limits of declination selected we are measuring the

positions of all the stars that appear in the three Gesellschaft zones

that overlap. The observing list for the latter was made up of the

stars that are designated with (visual) magnitudes 9.0 or brighter in

the Bonn Durchmusterung, and as many fainter stars as circum-

stances permitted. In our work we shall necessarily omit a few

stars that are photographically faint by reason of their color, a

few stars that are so bright as to present images too large for ac-

curate bisection, and a few doubles that are too close for separation

on plates of this small scale. Making allowance for these omissions

the completed catalogue will contain about 7,100 stars. It is hoped

that this work may not only prove a valuable contribution to our

knowledge of the positions and motions of faint stars, but that it

may enable astronomers to decide definitely as to the advantages and

disadvantages of this form of instrument for the wider applications

of the same kind that the future will demand.

Allegheny Observatory,

University of Pittsburgh.



SOME OBSERVATIONS ON THE PSYCHOLOGY OF
JURORS AND JURIES.

By PATTERSON DuBOIS.

(Read April 23, 1914.)

Interpretation is the crux of science and the chief point of fail-

ure in scientific men. When concerned with human behavior it

reaches the most subtle nicety—a kind of nicety, indeed, which pro-

jects far beyond the helping hand of instruments of precision or

mathematical formulae. Human interpretation is the pivot of human

intercourse.

Under the prescriptions of our common jurisprudence the verdict

of a court jury is mainly a resultant of many subconscious forces

and unseen influences. Standing obviously to reason, this needs no

demonstration. Comparatively little of " the evidence " admitted

by the court during the trial and little of the pleading operates di-

rectly upon the mind of the jury—even though, paradoxically, with-

out these there could be no trial.

It is no part of this paper to attempt the impossible task of un-

ravelling the real or probable complex of past experiences, prej-

udices, emotions, misunderstandings or logical balances of judg-

ment affecting the minds of the jurors.

Chiefly, it is limited to the proposition that, so far as the juror

is concerned, court discipline tends to diminish rather than to increase,

and to hamper rather than to facilitate his efficiency as an agency of

justice. In other words, the conscientious juryman of good aver-

age equipment goes handicapped to his task largely because he is

in subjection to an iron rule which takes no note of his individuality

of fitness or unfitness, distress or ease, or of other personal and court

conditions which themselves condition his judiciality. The problem

is largely one of attitudes—a comparatively neglected field in pure

or applied psychology.

The court takes cognizance of certain classes of influences likely
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to affect the jury mind, giving way to some and aiming to suppress

others that tend to prejudice and disturb the equanimity which makes

for justice. But the main thesis here is that there are other and

subtler influences which are often a still greater menace to justice

and that there is little thought of reducing them to a minimum.

Manifestly, this should be the first consideration—just as the

reduction of friction and of waste effort are of prime importance

to the mechanist. Similarly, a business requiring so much personal

sacrifice, such delicate mental balance coupled with resolute and

courageous control, such openness to conviction without the weak-

ness of hasty consent,—such a business should be carried on under

the most favorable conditions instead of under conditions tending to

defeat the desired ends.

In his delicate and often vital responsibilities everything should,

as far as possible, conspire toward the best use of the juror's morally

controlled intellectual judgment, whereas this judgment is subjected

to an automatic conspiracy of obstacles, infirmities, and irritants.

He is expected to be, and, in my experience, generally wants to be,

free of all forms of bias for which the challenging attorneys take

little thought. The juror, indeed, is in no small degree a marionette

of which his subconscious self holds the controlling wires while the

whole inherited system of trial by so-called peers is the grinning in-

stigator. And the marionette is seldom wholly self-respecting.

All the way down from the earliest English times when witnesses

were jurors and jurors were witnesses, gathering their own testi-

mony and acting on their own knowledge, there have been many

modifications of the jury system and diverse views as to its value.

The juror's office is, in some respects, the most ironical and

paradoxical in the whole range of human service. Its requirements

are those of a learned profession with demands of extraordinary

versatility. The profession is to be followed by the individual for

a very brief period with uncompensating " compensation " (often

at an actual loss to the juror.) Yet the juror is so hedged about,

officially suppressed and oppressed that the opportunity for initiative,

the value of his knowledge, and the freedom of his judgment are

reduced to the minimum instead of being employed at their maxi-

mum. He is, in effect, both puppet and prisoner.
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I am especially considering the juror of the more intelligent and

selected class. As a rule, he admits that jury service, in spite of its

drawbacks, is educationally profitable and often interesting. He
means that his duty shall be conscientiously performed. He is

sensitive about sitting in judgment upon his fellows—for he knows

his own liability to appear at any time as plaintifif or as defendant.

Yet withal, he is asked to swim with a stone on his neck, to be

agile in a straight-jacket, to be patiently complaisant in duress

—

a mental Blondin in hobbles.

His bristles begin to rise, when, in his own home, the summons

is served with a threat. The " law " first greets him with flashing

eye and teeth uncovered. The more conscientious and honorable

the man the more ofifensive appears the attitude of his legalized

captor.

In the United States courts this summons may compel the victim

to attend court fifty or a hundred miles away. He may live on a

branch road where train service is such that he could not go and

come every day. Even if he could, he would be out of pocket since

the fee is insufficient to pay the passage. This condition may re-

quire the juror to be absent for a week at a time from his business,

or from a sick wife, virtually without compensation and really with-

out assurance of release in emergency. How can a man's judgment

be at its best under such circumstances?

In any case, whether he lives far or near, the average man on

receiving notification that he is wanted is, for the moment at least,

disconcerted or timorous. Before him rises the giant of business

demands, home dependents, personal physical disabilities or patho-

logical possibilties, a sense of being penalized, of loss of freedom

without cause, a danger of " contempt " through sheer ignorance and

inexperience, a vision of all-night incarceration with uncongenial

strangers, perhaps sickness in his family unwaited upon and beyond

communication with him. I doubt whether any jury panel is ever

drawn entirely free from some or all of these mental perturbations

in some or all of the individuals. They are, however, especially

true of the first-time juror. To add to his discomfiture his neighbors

either pity his plight or make a jest of it or advise his making an

efifort to get excused. I have talked with two classes of drawn
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men. One never expects to serve if release is possible, another

chafes under his weary durance yet says that he ought and means

to serve if possible.

Once in the traces and more or less accustomed to the routine

the first pressure of the screws is less felt. But, none the less, the

juror has a mind and a body. He does not forget that he was born

a freeman nor that he is absent from farm or store or office. The

delays, the wearisome reiterations and professional fencing, the in-

terruptions and general unbusinesslike pace of procedure are at his

cost. They irritate and disgust.

When the juror is drawn from the " panel " to serve on a particu-

lar case he is ordered into his seat with pretty much the same show

of authority and sense of subjection as he sees when the accused

defendant is policed into his presence. In an interesting reminiscence

of long and varied jury experience published in a magazine article

some years ago Mr. Joseph Hornor Coates speaks deprecatingly of

these indignities

:

" The juryman from his first entrance in response to the court's peremp-

tory summons finds little in his treatment to impress him with an idea of

special dignity in his position, even if he has no overt cause of compliant.

He is herded with his fellows, ordered about by the tipstaves or bailiffs of

court, addressed in peremptory tones .... He sits in the court room with

an ever-present sense if he be sensitive, that he must be careful not to get

into trouble; the feeling of liberty is gone, he is enveloped in an atmosphere

of restraint. Really, he is placed more on an equality with the prisoner at the

bar than with the judge on the bench, yet he is as essentially a part of the

court as that august potentate and may have at any time a greater responsi-

bility imposed upon him. In some court rooms when disengaged from the

actual trial of any case and awaiting summons to the jury-box, the juror is

often forced to sit among criminals, witnesses, loafers and ill-smelling per-

sons attracted to the court by business or curiosity."

While the average juror resents these low estimates of his office

he does not, perhaps, fully realize how his own judicial faculty is

lowered by his lowered estimate of the court as an institution. He

becomes critical and dislikes being party to the system.

The juror's disposition to criticize the system (rather than

court officers themselves, for the officers naturally fall into the formal

bondage of a system) increases through the meanderings of the trial,

—the surplussage, the objecting attorney, the lust for filing ex-
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ceptions, the hectoring and heckHng of witnesses, the muteness of

the jury itself, and finally the mistrust of its honor in locking it up

to reach an agreement—not always real but formal—all these in-

cite the sensitive and the honorable mind especially to secret rebel-

lion against the system. This state of mind cannot but endanger

verdicts.

There are other influences of entirely conscious and purposive

kind which affect verdicts too. Thus, in the jury's deliberations

under lock and key a juryman will openly confess that he will not

vote to acquit a negro prisoner because he is a negro; or he will

stand by a chauffer in a suit for damages because he himself drives

an automobile; or he is moved by fear of the judge to decide against

what he has ordered or what he believes to be the judge's opinion;

or he is politically afraid; or he dislikes to be the target of ten or

eleven others ; or he wants to go home, to take the next and last

train, perhaps, to avoid another night at a hotel ; or he cannot under-

stand the case—its technical terms, its arithmetic, its alternatives,

its fine-spun distinctions, some of which are purely technical and

have no direct bearing on justice.

But while some of these influences arise directly out of the

system and are corrigible they are mostly more obvious and overt

than the subconscious causes of mental sway, arising immediately

out of juridical prescription and attitude. Some of these have

already been noted. Timidity, restraint, sense of personal loss, per-

sonal discomfort, offensive environment and treatment, worry over

private troubles caused in part by absence from home or business

—all of these affect the balances of a sensitive mind and are in a

large measure corrigible. The implication that as a juror one can-

not be trusted to come and go while the judge and the witnesses and

attorneys are free hurts a sensitive mind and excites a rebellious

spirit.

In fact, the wearisome reiterations in the examination and cross-

examination of witnesses, the time consumed in legal fencing, the

objecting and excepting, sometimes give the juror a sense of being

unfairly exploited for the gain of attorneys rather than for the

settlement of real difficulties. Juries are jealous of their time and

personal freedom ; so surplus verbiage and legal loquacity irritate to
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the extent of damaging a cause—for it is a fact that a verdict or a

disagreement is not seldom a slap at a lawyer's course. Many a

case is undone by overdoing. This is a hard lesson for lawyers to

learn. In his reminiscences of a long life at the bar Theron G.

Strong {The Outlook) notes this danger of time-wasting excess and

overdoing. He says

:

" The man who can say the most good sense and sound law in the shortest

time has a decided advantage. Juries are not much influenced by outbursts

of eloquence, and appellate tribunals will not tolerate them. A tired and

yawning jury will not be likely to take the most favorable view of an

advocate's case, and when the attention of an appellate tribunal is lost and

the judges begin to converse in whispers or bury themselves in the record, the

oral argument is little more than a waste of time. When you have lost at-

tention, you have probably lost your case. Juries and judges have become

so accustomed to business-like methods that they appreciate a simple and

clear presentation of the essential facts, each argument in its support clearly

stated in a few well-conceived sentences, with no baitings and no revertings

to things inadvertently omitted, no fumbling of documents, and no reading

from authorities ....
" One of the most important arts of the court lawyer is to know when to

keep still, and be able to exercise the self-command to do so. Many a case

has been won by paying due regard to the attitude of the judge when he

essays to combat the views of opposing counsel. The lawyer is indeed want-

ing in tact and discretion who then assumes any other role than that of a

spectator of the proceedings. By all means let the judge do your arguing

for you if he is so inclined, and if in this way he indicates that he is favorably

disposed it is folly to attempt to reinforce his views; even though they could

probably be reinforced to advantage, they do not need reinforcement so long

as he adheres to them. The moment the court appears favorably inclined

to your side of the case is the time to preserve discreet silence. This is

equally true with juries, and if in the course of the trial there is the slightest

leaning in your favor, then is the time to do as little as possible by objections

or long cross-examinations, which can only have a tendency *to lead the court

and jury to think that you consider it necessary to strengthen your case when
it needs no strengthening, the only effect being to counteract the favorable

impression that has been made. Many a case has been spoiled by an inability

to recognize the appropriate time to say nothing."

I quote this at some length because few lawyers are so discern-

ing of the juror's point of view. I confess to the feeling of an

oncoming bias against the lawyer who is working too hard. Too

much repetition of evidence, too many witnesses, too great detail in

the pleading, too much swelling molehills to mountains, too noisy

oratory—all these excesses tell on the juror's temper. He does not
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care to be treated as though he had not the brains to see the bearings

of the testimony as it came from the mouths of the witnesses.

The court is quite right in sustaining objections to much ex-

traneous matter that clogs the proceedings and overloads the jurors.

But it is questionable whether the loss of time by a large majority

of these objections does not tend to irritate jurors who are rightly

jealous of their time and critical of a system which compels its loss

without corresponding gain to them. Much of the matter ruled out

or admitted after a battle between attorneys goes for what it is worth

to the jury and not a little of it is without effect on the juror's mind

either way, except as a general irritant. Whatever is evidence to

his mind is evidence and willy-nilly his mind is affected by it. To

a juror with imagination and the gift of interpretation evidence is

often felt as atmosphere and is much more than the dry bones of

admitted testimony.

For instance, in a trial in which the verdict turned chiefly on the

motive or purpose of a paper engaging to purchase and pay for a

large block of stock on a certain date, the lack of frankness and

the constant evasiveness in one of the witnesses so strongly dis-

credited him in the minds of at least half the jury that they virtually

agreed that they would not employ such a man in their own busi-

nesses. Indeed the other half of the jury did not defend him. As

this witness substantially agreed with and was on terms of more or

less intimacy with the four others who told the same story the whole

five were greatly weakened as witnesses. This was evidence un-

avoidable in coloring the minds of jurors, although not " evidence
"

on the record.

Again, in the case of a woman suing for damages as the alleged

result of a fall by a defective brick pavement, more than one juror

believed that the defense lost an opportunity in not bringing out in

cross-examination the height and slope of the heels of her shoes

—

as these might have been more responsible for her tumble than the

pavement itself. But as these jurors did not know anything about

it—nothing having been said in court about it—they of course did

not openly consider it. But the point is, that even such a case no

one knows how far such a passing thought gives cast to the mind
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consciously balancing itself to a nicety of honesty and absolute

justice. It becomes evidence.

It is questionable whether the cause of justice would not be

better served by a much more liberal attitude toward the admission

of evidence than our jurisprudence usually allows.

This particular case is also a good illustration of jury-irritation

through excess of detail and repetition. Large photographs were

displayed and re-displayed and pencil-marked and passed and re-

passed among the jury to show the pavement and the curbstone. All

witnesses but one corroborated what the photographs were supposed

to picture and no juror or any one else probably had any doubt about

the pavement or about the slipping of the woman's foot. But it

would have been just as effective to show the photographs once and

for all, and obtain a simple statement of fewer witnesses without

such over-elaboration.

There was a juror, for instance, who was suffering from a rack-

ing cough, who lived on a small branch railroad at perhaps fifty

miles distance. He had left many business interests. It was now

the last day of the term—Saturday. If he lost a certain afternoon

train he would lose a whole day in getting home. He knew that

a team had been sent for him a dozen miles or so through a snow-

drifted country and if he could not catch that train his non-arrival

would not be understood. Naturally he looked repeatedly at his

watch when every senseless repetition delayed the trial. The judge

did his part to push the trial through but there is a limit to the

judge's action at least as a matter of expediency. The juror with

dismay saw his train-time go by with suppressed irritation. One

or two others from other counties were similarly aft'ected. The in-

sistence here is that the trial could have been gone through within

half or two thirds of the time it really took. The jury knew no more

for the redundancy and were less fit for the balance of their

powers than they would be under more favorable conditions. Few

men can be at their best as dispensers of justice when they see their

valuable time frittered away—for what? To settle a contention in

which they have no live interest and for which they are held in

duress as though they were not to be trusted out of sight.

Mr. Coates's experience agrees with mine—that the pleadings
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of the lawyers have very little direct effect on a substantial jury. In

simple cases not involving too much consideration of human nature

or of the motives perhaps most jurors catch the drift of the evidence

and make up their minds before the trial is through—even though

they suppose themselves open to conviction either way.

Lawyers damage their cases—sometimes lose them, by what the

jury regards as an unfair trick. Some jurors are affected by the

fact that a famous lawyer is on the case—his reputation alone

carrying weight.

A very slight thing may bias the juror. One lawyer lost favor

with some jurors because of his continual smile and offhand pleas-

antry in his pleading. Another quite properly asked one of the

jurors, whom he called by name, to define a technical business term

—the lawyer being or assuming to be not quite sure of it himself.

This fact was noted in the juryroom and charged up against that

juryman's opinion—one of his confreres asserting that apparent

friendship with the plaintiff's attorney affected his judgment. This

charge was entirely good natured but was given to offset a charge

that the juror favoring the defence was partisan because of his local

affiliations—the defendant hailing from the juror's locality. The

jury disagreed in this case which was one of great difficulty because

of local interests, human motives, and the large losses and gains in-

volved. And yet no one can question the honesty of every juror there

—while also no one can help questioning the amount of coloration

in the minds of not a few of the jury arising from these causes apart

from the formal evidence. It was noteworthy that all the jurors

who were of a certain foreign descent and understood the same

foreign tongue although not previously acquainted with each other,

voted together. An unconscious esprit-de-corps arose which banded

them solidly against the other half of the jury. I do not think that

either side noticed this fact but I am quite sure that the subtle in-

fluence of nativity and speech worked on them without their know-

ing it. Of course no court could foresee or suspect or avert this.

I instance it only as an illustration of unconscious . congregate in-

fluences on honest and conscientious but untrained minds.

I have been strongly impressed with the comparatively helpless

situation of the defense in many cases of suit for damages especially
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when the plaintiff is poor and the defendant in comparative affluence

and still more especially when a corporation. Quite apart from the

traditional attitude toward the so-called soulless corporation a class

of circumstances may put the defendant at a great and unfair dis-

advantage.

The case of the plaintiff who slipped on a curbstone and claimed

that a sunken brick pavement compelled her to so step on the curb

as to slip, is in point here. The very fact that the photographs are

handed about and continually referred to, that witnesses have seen

that condition there for years, that the woman's leg was so sprained

by her fall as to prevent her making her living as heretofore gradu-

ally works upon the minds of the jurors because no one can say that

none of these things are so.

I remember seeing nothing very bad in the photographs at first

but the incessant references to the lines of the picture (I now see)

exaggerated in my own mind the dangers from such conditions at a

crossing. Some of the jury were particular to say that they be-

lieved in discouraging the legal traffic in damage suits but they also

believed that sidewalks should not be allowed to become a menace

to the walking public. Small compensation was therefore agreed

upon by the clumsy process of averaging the vote.

A few weeks later I went, out of curiosity, to see the place itself.

I am quite confident that as a casual pedestrian the slight sinking of

the bricks and the slope of the curbstone would never have attracted

my notice. The photographs were in a sense true and in a sense un-

true. The proportions of the street were distorted and the view-

points were selected for a purpose. Much was made, at the trial,

of the rounded curb which had been worn that way by the grating of

heavy wheels against it on the corner. The rounding never looked

bad to me on the photograph but as I think back to an objective

view of my own mind during the trial, excusing the photograph's

supposed untruth as being too small or perhaps not properly posed

to show the real danger, I see how gradually I began to think against

my real judgment and see untruly. And now in its very presence the

stone itself looked no worse to me than did the photograph at first

;

and I am bound to wonder why if this pavement and curb were

entirely to blame there are not such accidents going on all over the
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city every day, for I notice that that pavement was relatively not

dangerous or bad.

I am not quarrelling with the verdict in which I had a part. It

was not very serious either way except as a matter of abstract

justice. I am merely trying to show how much more those pictures,

in conjunction with the strained reiterations of witnesses, counted

for than they were really worth. The mind believed what was true

in them because they were photographs and excused and apolo-

gized for what seemed untrue (but was really very true)—also be-

cause they were photographs.

In an article on " Photography and Crime " Mr. C. H. Claudy

says

:

" Any capable photographer knows how to magnify or minimize certain

parts of the perspective of any view. Thus, a long-focus, narrow-angle lens

will give a totally different result from a wide-angle, short-focus lens. In a

suit for damages because of obstructions left upon the street, for instance, a

lawyer will have a photographer use the latter lens and stand close to the

alleged obstructions. A pile of earth, particularly if photographed low, will

appear very large in proportion to the vanishing perspective of the street. A
natural-angle photograph, made with a ten-inch lens on a five-by-seven

plate, will give a totally different idea of the size of the obstruction.

" Cracks in buildings, as evidence of the damage done by subway con-

struction or sewer-laying, can not be brought before a jury; but photographs

of them can be so used as evidence. A clever photographer, by manipula-

tion of his illumination, so that one side of the crack throws a heavy shadow

can make such fissures appear far larger than they really are. Pictures of

hills, to show the locality of a runaway, can be made steep or flat according

to how the camera is handled. It is not, therefore, necessary to resort to

actual changing of the negative and print to make the camera deceptive,

and more and more are our courts coming to understand this fact."

I have been startled several times with the seeming unevenness

and bad brick-laying in a brick extension wall of my own house. In

early summer the low afternoon sun throws long shadows length-

wise from irregularities in the brick quite unobservable at other

times. A photograph of the wall at such a time might be shown as

strong evidence that the wall had suffered some kind of disruption.

Yet the fact is that it is finely and evenly laid.

No allegations of attempt to falsify in the case under considera-

tion are here intended. It is true that in the pictures the little streets

looked broad and fine but the defects of the pavement and the curb
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were not exaggerated. The point is, that when photographs are

shown in support of the verbal testimony even the discriminating

mind is apt to be over-persuaded by the mere fact of pictures. Any

seeming lack therefore on the part of the picture is subconsciously

excused on the ground that a depression of two inches in a pave-

ment is necessarily diminished to almost nothing in a photograph.

Then the mind rebounds to an exaggeration of the truth notwith-

standing the claim that the depression does not exceed two inches.

Manifestly, the defense has little show in such a case. He can-

not prove that the plaintiff did not fall from this cause. His one

witness denied the dangerous character of conditions and to us jurors

this denial seemed fatuous and partisan. But when I saw the

place itself I thought this witness more right than wrong—more true

indeed to the moral fact than all the others.

I am quite sure that had the jury been taken in a body to the

actual scene of this accident the outcome would have been different.

I could scarcely believe my own eyes. I tried to slip on the curb

as the plaintiff slipped because of the slightly sunken but not rough

pavement, but I failed. True, I had rubber heels but true, also, the

woman may have had suicidal " French heels." Of this we jurors

had no knowledge but some of us thought of it. All the verbal

testimony of many witnesses corroborated what the photograph was

supposed to show. It did show lines and shadows but not danger.

The witness said danger and the jury believed that the photographs

showed it too. Doubtless, also, the degree of damage which the

woman suffered became, sub-consciously in the jury mind, the meas-

ure of that danger. I see now, that the pictures did not prove danger

—not relatively, at least, as I find pavements and curbs wherever I

go as bad and w^orse but they do not seem to me dangerous, li the

defendant was guilty of negligence, comparatively few property

holders are not guilty.

This case has been reviewed at some length because of its illus-

trative values in pointing out.how the mind shifts itself under the

subtilties of " evidence " which is in reality no evidence, but which

cannot be denied or assailed as untrue and cannot be easily ruled out.

It seems to me that with a knowledge of the psychology of the

gradual winning of the juryman's mind in spite of his own better
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thinking, appeal for retrial should have serious consideration by the

judges. In such a case the defense in not weak because the lawyer

is weak, not because the defense has not been properly worked up

but because all the activity, all the pictoriality, all the interest, lies

with the plaintiff. One woman slips ; a hundred thousand do

not slip ; but they never come on the witness stand. Moreover, the

mind assumes that unless the case were good no photographs would

have been taken, as the risk of recoil would have been too great.

In cases where medical experts are called to testify lawyers are

too much inclined to display their crammed knowledge of the anat-

omy and physiology of injured limbs. Direct and cross-examination

in these cases are sometimes carried to absurd length and minuteness.

It makes little difference to a jury how a nerve moves the muscle

and how the life process itself produces movement. I am quite

aware that some of these foolish professional displays are made

with the hope of discrediting the opposite expert witness but as a

rule they are wearisome and even ludicrous—and neither of these

conditions helps the cause.

Whatever makes for straightforward simplicity counts for the

jury's favor. It is then that the real evidence weighs at its true

value. Of course there are jurymen who admire adroitness,

shrewdness, cleverness, even craftiness in an attorney and are much

influenced by that admiration rather than by the real merits of the

case. But these very attainments or methods work the other way

with many jurors; and the insolent brow-beating of witnesses or

manifest effort to confuse and " rattle " a simple-minded and honest

witness is pretty sure to awaken indignation in the jury and recoil

on the parties indulging in that kind of practice. This indignation

is no part of the evidence which jurors are sworn to decide the case

upon but it goes for evidence as weight in the mental balance.

And on this point, when the court orders a speciffc verdict with-

out consulting the mind of the jury, is it not virtually ordering pos-

sible perjury or, in effect, subornation? Seeing their liability to this

kind of termination to their labors jurors sometimes grow lax or in-

dignant, according to their temper. They become puppets either

way and official " evidence " becomes of less moral moment in their

service.
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.In point here, is a paragraph from Lazt> Notes (Alarch, 1910) :

" Judge Caldwell who had served nearly 35 years on the bench of the

Federal District and Circuit Courts said that trial by jury was guaranteed

in the Constitution 'because the people knew the judges were poor judges

of the facts ' and that ' every day's experience confirms the wisdom of their

action. Equally strong testimony has been given by some of the greatest

judges this country has ever known,' .... How many self-respecting men
will condescend to serve willingly on juries if they know the judge is likely

to hold them up to public scorn because he disagrees with their unanimous

opinion delivered under oath?"

Now let us add to this question the weight of the fact that the

greater the intelhgence and moral force of the juror the greater his

antipathy to such an unjust service. And in his resentment lies the

psyschological menace to his natural qualifications. And surely the

lower grade of man is not to be preferred because of his being the

more subservient.

Not having sufficiently investigated the claim of the incompetency

of judges to judge of " facts " I make no comment on it—except

that apriori grounds seem to me to favor it. But if it be true then

many a case suffers (as indeed every juror knows) from the exclu-

sion as well as the inclusion of testimony. If the juror is a better

judge of " facts " than the judge is then the juror should have power

to call for such facts as appear to him to bear on the case. I for

one have heard witnesses choked ofif by the incessant objecting of

attorneys until the testimony was squeezed dry of all that essence

which gives to a story its true value. True, a witness may over-

color and may run into imaginings and expeditionary sallies of sen-

timent and statement and this freedom should be limited. Never-

theless, the dry skeleton of what the court calls " facts " is often

as untrue by default of important facts as the overweighted story

tends toward giving an untrue impression of the case.

The juror should not be submitted to the strain of shutting out

what he heard ruled out by the judge as not being relevant or admis-

sible as evidence. I remember hearing a jury debate the import of

an offhand written promise to pay a large sum. A youthful juror

reminded us that the judge had said that we could consider the oral

testimony in such a case. At least half the jury disregarded the

paper because the judge permitted the oral testimony to count. The
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other half saw in the paper the most vital evidence not, however,

because the judge admitted it but because it appealed to their sense

of business honor. Another judge might have ruled it out entirely

as it lacked some factors of a formal document. What is evidence

to some is not evidence to all, and no line can be drawn for testi-

mony. Should not jurors have some right to demand such infor-

mation as seems to them to be evidence? The " rules of evidence
"

are sometimes as wooden as they are usually useful. The mind of

the average jury is in danger of being befogged by the ins and outs of

matter ofifered as testimony.

It is true that a jury has more power than it usually takes in ex-

amining witnesses or inquiring of the court. But that is in large

degree because the juror feels his automatism and his incarceration.

Many a juror would like to ask questions but he has not been invited

and he is afraid of attitude. He works under threat and all pen-

ologists are agreed that timidity and fear under threat do not make

for strong intitiative or moral control.

In no situation in life is what Bergson calls the " professional

comic " more evident than in the court room. It is always con-

spicuous in convocations of the clergy, of physicians, and even of

men of science. The professional comic is the all-enveloping rut

and the discerning layman is usually the stone that throws the wheel

out on to new ground. This is the value of the jury. The juror is

a layman but unfortunately he is too much a strangled and manacled

servant to have either a layman's self-respecting freedom or the self-

imposed constrictions of professionalism. He is never quite himself

because he is under duress involuntarily doing work of professional

nicety—involving complex calculation and insight to human motives,

a gift of interpretation, a sense of probability, the elimination of

personal bias. He is physiologist, pathologist, physicist, psycholo-

gist, detective, financier, moralist, jurist. And he is only a lackey

without personality.

It is comparatively seldom that the witness who is sworn to give

the " whole truth " is permitted to do so. The juror sees the effort

of counsel to prevent his getting hold of it. He notes how the wood-

en " rules of evidence '' sometimes cut out a body of testimony, the
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pores of which are juicy with the very quintessence of evidence. The

keen juror, scenting the aroma, longs to tap or squeeze out the sap

of truth. But who is he, forsooth, but a juryman?

A physician, speaking out of much experience as an expert wit-

ness, told his medical associates that it is not enough that the evidence

which they might be called on to give should be the truth. This, in-

deed, he said, has little to do with it for it must agree with the

lawyers' and the court's idea of what is evidence, which is sometimes

quite another thing.

Meantime the poor juror is between the devil and the deep sea

—

between the professional battle to suppress facts and his own sense

of essential truth ; between his own real conscience and the artificially

imposed conscience of the court. So long, therefore, as " the evi-

dence " is prescribed by the court the juror ought not to be sw'orn to

render verdict according to " the evidence," but without prejudice

to strive to be just to all parties concerned. No other discipline is

just to any party concerned.

There is strong tendency to reduce the employment of juries.

The question is whether there could not be a better kind of jury,

partaking at once of lay and of professional advantages. It would

be perhaps a permanent board adequately paid, non political, smaller

than our present jury, not bound by the rule of unanimity, having

large authority in taking and using testimony, and treated with the

dignity due to the upper officers of a court of justice. In other

words the disciplinary irritants, drawbacks, indignities, coercion,

threats and sources of indifference and personal bias should be re-

duced to the minimum. Only thus can the balances of the juror's

mind work as freely as possible in the valuation of evidence—which

evidence, in very truth is not limited to the sworn statements of

witnesses or other facts of the testimony but grows out of the

interpretation of experience and of human nature in the large. The

system, whatever it is, should not indifferently permit or encourage

self-defeat. Justice to the contending parties rests in no small degree

on justice to the jury.



ON THE PRODUCTION OF AN ARTIFICAL HISS.

By E. B. TITCHENER.

(Read November 6, 1914.)

In Nature of Alay 29, 1913, Lord Rayleigh asked to be told

" how to make an artificial hiss." I replied that, if Kohler's ob-

servations are reliable, " a Galton whistle, set for a tone of 8,400

V. d., will give a pure sT ^ Lord Rayleigh, however, was not

impressed by the suggestion.^

It occurred to me that the question might be put to the test of

experiment. The sound of a Galton whistle set for 8,400 v. d.

might be imitated by the mouth, and a series of observations might

be taken upon material composed partly of the natural (mouth)

sounds and partly of the artificial (whistle) tones. If a listening

observer were unable to distinguish between the two stimuli, and

if the mouth-sound were shown, phonetically, to be a true hiss, then

it would be proved that the whistle also gives an 5, and Lord Ray-

leigh would be answered.

The experiment was more troublesome that I had anticipated

;

but I may say at once that it has been carried out, and with affirm-

ative result.

We used an Edelmann-Galton whistle (No. 423) actuated by

a rubber bulb.^ Our first difficulty was to find a competent experi-

menter. For the sound of the whistle is clean-cut, uniform, so to

say dogmatic. This very definite stimulus has to be duplicated by

a certain setting of tongue and lips, and by voluntary regulation and

1 Nature, July 3, 1913 ; W. Kohler, Zeits. f. Psych., LXIV., 1913, 93.

2 Nature, July 31, 1913.

3 The bulb that comes with the instrument must soon be renewed. It

may be worth while to point out that bulbs of white or grey sulphur-coated

rubber should never be employed ; the fine dust chokes the mouthpiece and

plays havoc, e. g., with terminal determinations. We use a black rubber that

is slightly more flaccid than that furnished by Edelmann.

323
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direction of a current of air. But not only are there gross dif-

ferences in the mode of formation of the ^-sound; there are also

individual differences, due apparently to the arrangement of the

teeth, the shape and size of the tongue, and so forth;* and beside

these, there are differences in ability to maintain the sound begun, to

hold it from fluctuation during its course. The sound that one

emits, on first trying to imitate the whistle, may therefore be almost

comically wrong,—broad, harsh, irregular, soft, wavery, instead of

sharp and keen.

We presently found two experimenters, Mr. N. P. Stephens and

Mr. P. T. Carson, who after practice were able in a large proportion

of successive attempts to reproduce the sound oif the whistle.

Neither these nor the other volunteers whom we tried out could,

however, imitate the sound obtained by the ordinary vigorous

squeeze of the bulb, such a squeeze as one gives in determinations

of the terminus. We therefore had recourse to a compression which,

though sharp and definite, was still weaker than that by which

the whistle is usually actuated. The difference between the mouth-

sound and the whistle-sound given at full intensity is, so far as our

observations go, that the latter is beady, intense, compact, while

the former is broader, weaker, coarser. The compression which

we used was, nevertheless, strong enough to yield clear dust-figures

by the Kundt method.^ No doubt, it varied somewhat, both in the

experimental series and in the dust-figure determinations. But the

hand-pressure becomes rather surprisingly even, wdth a little prac-

tice; and determinations made at different times by Dr. Foster

varied only between the limits of 8,594 dz 63 v. d. and 8,522 ±: 27

V. d. It is therefore certain that we were working in the near neigh-

borhood of Kohler's optimal 8,400 v. d.

4 See, e. g., C. L. Merkel, " Physiologic der menschlichen Sprache," 1866,

186 ff., Taf. III.; G. H. von Meyer, "The Organs of Speech," 1884, ZU^-',

G. E. Sievers, " Grundziige der Phonetik," 1885, 56 ff., 122 f
.

; O. Jespersen,

"The Articulations of Speech Sounds," etc., 1889, 61 f., 87; H. Hoffmann,
" Die Lautwissenschaft," etc., 1901, 62 ; W. Vietor, " Elemente der Phonetik,"

etc., 1887, 125 ff. ; E. Seelmann, " Die Aussprache des Latein," etc., 1885, 245

f.; H. Sweet, "A Handbook of Phonetics," 1877, z:i, 39 f-

5 M. T. Edelmann, " Studien iiber die Erzeugung sehr hoher Tone, etc.,"

Drude's Annalcn, II. [CCCVIL], 1900, 469 ff.
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An ideal experimental series would now have consisted of equal

numbers of mouth-sounds and whistle-sounds arranged in haphazard

order. But the experimenters could not thus accurately reproduce

the whistle-sound. If the series chanced to call for several mouth-

sounds in succession, then the setting of the mouth could be main-

tained; but if mouth and whistle alternated, or if a single mouth-

sound were to be given among several whistle-sounds, there was

need of readjustment and possibility of initial failure. It seemed

best that whenever the mouth-sound was obviously wrong, and

when (as sometimes happened) the squeeze of the bulb was too

light or too heavy, the experimenter should say: " Don't count that!

Repeat !
" and should simply try again. This procedure gave the

observers a certain advantage ; but we thought it preferable to a

voluntary change or a further haphazard determination of the

stimulus. The more successful of our two experimenters, Mr.

Stephens, was obliged, even at his highest level of practice, to re-

peat the mouth-sound in 12 to 15 per cent, of the trials.

There was a further complication. The observers sat at a

distance of not more than i m. from the source of sound; they

declared that, if they were to judge discriminatingly, they must

be as near as possible; and they tended to lean or move in toward

the experimenter. The preliminary experiments showed that, under

these conditions, their judgment might be influenced by secondary

indications—the direction of the sound, the noise of breathing, of

setting the mouth, even of the squeeze of the bulb, the noise of

preparatory movements in general. Hence they were informed be-

fore the regular series began that these indications were not to be

relied upon, but that the experimenter might in any given test make

misleading preparations. In fact, 50 per cent, of the mouth-sounds

were accompanied by noises of bulb and table, and 75 per cent, of the

whistle-sounds by noises of breathing and mouth-setting. The nu-

merical results and the introspective reports prove that this ruse was

successful. The observers based their discriminations, for the most

part, upon the temporal course and the " size " of the stimuli ; the

sound was judged to be " whistle " if it was hard, clear-cut, abrupt,

and to be " mouth " if it was fluctuating, " trembly," soft, diffuse.

Sometimes pitch was referred to (whistle higher), and sometimes
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intensity (whistle louder). The number of confusions testifies that

these differences were not very dependable.

The first series of experiments (July, 1914; Mr. Stephens, ex-

perimenter; Miss F. A. Bean, observer) consisted, as planned, of 70

mouth-sounds and 70 whistle-sounds taken in haphazard order.

Aside from the disturbances to which I have referred, the results

were:

Whistle. Mouth.

Whistle judged as 60 10

Mouth judged as 25 45

Mr. Stephens was at this date relatively unpractised, while Miss

Bean had had extended practice in the discrimination of whistle-

tones. The number of confusions (25 per cent, of the whole num-

ber of observations) was, evidently, large enough to warrant a con-

tinuation of the experiment.

Other series, made by Messrs. Stephens and Carson with other

observers, brought results of the same numerical order; they need

not be cited. I pass at once to the two final series made (August,

1914) by Mr. Stephens. The first comprised two part-series of 50

tests, each composed of 25 mouth-sounds and 25 whistle-sounds.

The observer, Dr. W. S. Foster, knew the plan of the investigation,

had himself tried to reproduce the whistle-tone by mouth, and had

had recent and unusually extended practice in the discrimination of

whistle-tones. The percentages of confusion were

:

Whistle judged as mouth 18

Mouth judged as whistle 20

or an average confusion of 19 per cent.

In the second series, two part-series of 50 tests were composed,

the one of 22 whistle and 28 mouth sounds, the other of 28 whistle

and 22 mouth sounds. The observers. Dr. E. G. Boring, Dr. L. D.

Boring and Dr. M. E. Goudge, sat together for the experiment.

Dr. E. G. Boring had had a good deal of practice with the whistle,

and the other observers had performed the regular laboratory ex-

periments in which it is employed. All three were, however, given

special practice (with knowledge) in the discrimination of the stimuli

now to be used. The percentages of confusion were

:
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Whistle Judged Mouth Judged
Observer. as Mouth. as Whistle.

E. G. B 20 36

L. D. B 45 38

M. E. G 35 39

or an average confusion of 35.5 per cent.

There is, naturally, a tendency, on the part of the practised ob-

servers, to judge " mouth as whistle " more often than " whistle as

mouth "
: the percentages are, for Miss Bean, 35.7 : 14.3, and for

Dr. E. G. Boring, 36 : 20. Dr. Foster, who can hardly be deceived,

gives approximately equal percentages of confusion; but in his case

too the ratio 20 : 18 favors "mouth as whistle." The less practised

observers, however, offset each other. I had expected a far greater

preponderance of correct judgments of the whistle, i. e., a lesser num-

ber of judgments of " whistle as mouth "
; and I think that the per-

centages actually obtained speak well for the skill of the ex-

perimenter.

It remains to show that our mouth-sound was a hiss. Neither

of the experimenters was versed in phonetics ; but we asked them

to observe and describe carefully the position of lips and tongue

during imitation of the whistle-sound. Mr. Stephens writes

:

" The position of the tongue is substantially, so far as I can judge, the

same as that in which we produce the sound of the letter s-s-s. The sides of

the tongue are so curled up that they rest against the inside of the upper

teeth, on the sides. The middle of the tongue thus of course forms a hollow,

up to the tip,—which very nearly touches the roof of the upper jaw just about

a quarter-inch above the upper teeth .... For the production of a light hiss

which is not to be heard loudly the tongue-muscles are semi-tightened as also

are the muscles of the jaw and throat. The thin column of air which is

forced lightly between the tip of the tongue and the point on the roof of the

mouth makes production of sound. Teeth along sides and back are possibly

5 or 6 mm. apart, thus leaving plenty of opening for ejection of air. The lips

stand a quarter-inch apart, with little or no drawing at the corners, for the

light hiss. Lips, in the production of this sound, play little or no part; they

merely are separated suflficiently so as not to interfere with air and sound.

Unless they are well apart, however, they do interfere with the intensity and

seeming pitch of the hiss."

This is a very fair amateur account of the production of a hiss;

and if it is compared with the formula given, ^. g., by Jepersen, we
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cannot doubt that Mr. Stephens was sounding an English s.*^ At

the point where I have marked an omission, he draws a diagram

which, with allowance made for amateur draughtmanship, is identi-

cal with the " [s] nach Bremer " of Jespersen's plate ; it is needless

to say that he had never opened Jespersen's book. Mr. Carson gives

a very similar account, except that he appears to place the tip of

his tongue a trifle further forward, and thus to approximate the

German s. It is quite clear, then, that the experimenters were

hissing.

So we have the artificial hiss that Lord Rayleigh asked for. It

may be too weak for his purposes ; and, more especially, it may be of

too brief duration. We were able, however, to match the abrupt

hiss of the experiments to a continuative hiss sounded by a second

Edelmann whistle (No. 679) connected with the Whipple tanks: in-

tensively, the match was only approximate; qualitatively, we regard

it as fairly accurate.

For the qualitative determination we employed two methods,

(i) The sound of whistle No. 423, actuated as in the experiments,

was compared with three sounds from whistle No. 679 actuated by

a regulated current of air from the tanks. These three sounds lay

at what we supposed to be the point of equality with the sound

of No. 423, at a pitch some 400 v. d. higher, and at a pitch some

400 V. d. lower. The three comparative pitches were intermixed in

haphazard order; both time-orders were presented; and for the

final series of observations we had the services of Professor H. P.

Weld, a skilled musician as well as psychologist. (2) By a round-

about method of determination, which involved reliance on the

Edelmann tables, we established the " identical " pitch of No. 679

as 8,430 V. d. Since Professor Weld's judgment made this pitch

equal to or very slightly lower than the given pitch of No. 423, and

since the error of our determination (provided always that Edel-

mann's tables are correct) can hardly have exceeded ± 100 v. d., we

may assume that the two whistles gave very nearly the same s.

^ O. Jespersen, " Lehrbuch der Phonetik," 1904, 34, 127 f. Mr. Stephens'

use of the word " hiss " was spontaneous, not due to suggestion.
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We were unable to determine the pitch of the continuative hiss by the

Kundt dust-method; the lycopodium powder obstinately refused to move.

The accuracy of the Edelmann tables has been questioned by C. S. Myers
(" On the Pitch of Galton Whistles," Journ. of Physiol, XXVIII., 1902, 417

fif.). Edelmann does not give the m. v. of his scale readings; but it is pos-

sible that his technique is so accurate that the variation is minimal, or even

that a single count suffices. Neither does he tell us how he compresses his

bulb; it is probable that he uses some mechanical device which ensures a

constant compression. We have ourselves made the following determinations

with whistle No. 423 (temperature read as the mean of four thermometers) :

(i) Ordinary vigorous squeeze, such as is employed in terminal determina-

tions:

Found from 5 trials with the dust-method 8,897 — 18 v. d.

By Edelmann's table 8,775

(2) Weaker squeeze, used in our experiments:

Found by dust-method 8,594 ± 63 v. d. to 8,522 ± 27 v. d.

By Edelmann's tables + judgments of coincidence of

tones 8,430

(3) Very violent squeeze, 10 trials by dust-method 9,046 ± 71 v. d.

It is clear that Edelmann uses a " normal " compression, of the same

order as that which an experimenter naturally employs for terminal tests.

Random determinations of our two whistles at different points of the scale,

with the ordinary vigorous squeeze, agree within about 100 v. d. with the

Edelmann tables.

We have had but little experience with continuous tones under change

of water-pressure ; but we find, so far, that the pitch of our whistles does

not alter appreciably within the limits of 90 to 160 mm. of pressure.

While, then, we do not question the accuracy of Myers' determinations,

we think that there is no need either to doubt the reliability of the Edelmann

whistle under " normal " conditions.
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MINUTES.

Stated Meeting January 2, IQ14.

William W. Keen, ]\I.D., LL.D., President, in the Chair.

Invitations were received

:

From La Reale Accademia de Ciencias y Artes de Barcelona to

be represented at the celebration of the 150th anniversary of

its foundation on the i8th, 19th and 20th of January next.

From the Regents of the University of the State of Xew York

to be represented at the Inauguration of John Huston Finley

as President of the University and Commissioner of Educa-

tion of the State of New York, at Albany on January 2d,

1914.

The list of donations to the library was laid on the table and

thanks were ordered for them.

The decease was announced of James ^lacAlister, A.M., LL.D.,

at sea on December 11, 1913; set. 74.

Prof. E. G. Conklin read a paper on " Some Facts and Factors of

Development"; which was discussed by Doctors Donaldson and

Dercum, and Prof. Conklin.

The judges of the annual election of officers and councillors held

on this day between the hours of two and five in the afternoon, re-

ported that the following named members, according to the laws, reg-

ulations and ordinances of the Society, were elected to be the officers

for the ensuing year

:

President.

William W. Keen.

Vice-Presidents.

William B. Scott,

Albert A. Michelson,

Edward C. Pickerin.?.
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Secretaries.

1. Minis Hays,

Arthur W. Goodspeed,

Amos P. Brown,

Harry F. Keller.

Curators.

Charles L. Doolittle,

William P. Wilson,

Leslie W. Miller.

Treasurer.

Henry LaBarre Jayne.

Councillors.

(To serve for three years.)

Samuel Dickson,

Ernest W. Brown,

Morris Jastrow, Jr.,

Arthur Gordon Webster.

Stated Meeting February 6, 1^14.

William W. Keen^ M.D., LL.D., President, in the Chair.

Mr. Samuel Rea, a newly elected member, subscribed the Laws

and was admitted into the Society.

The decease was announced of the following members:

At St. Petersburg on January 2/15, 1914, Theodose Tschernys-

cheff. Director of the Geological Survey of Russia; set. 67.

At Philadelphia on January 4, 19 14, S. Weir Mitchell, M.D.,

LL.D.; «t. 84.

At Plattsburgh, N. Y., on January 7, 1914, William D. Marks;

aet. 65.

At Cambridge, Mass., on January 14, 1914, Benjamin Osgood

Peirce, Ph.D. ; aet. 60.

At London on January 24, 1914, Sir David Gill, K.C.B. ; set. 70.

At Philadelphia on February i, 1914, Charles E. Dana, C.E.,

aet. 71,
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Dr. P. B. Hawk read a paper on " The Relationship of Water to

Certain Life Processes, and More Especially to Nutrition "
; which

was discussed by Dr. Brubaker, Prof. Kraemer, Dr. Dercum, Prof.

Keller and Air. Carson.

Stated Meeting March 6, IQ14.

William W. Keen^ M.D., LL.D., President, in the Chair.

Invitations were received

:

From the Deutsche Shakespeare Gesellschaft to participate in

the celebration of the 50th Anniversary of its founding on

April 22 to 24, 1914.

From the Premier Congres de Police Judiciare Internationale

to participate in the Congress to be held at Monaco on April

14 to 20, 1914.

From the 19th International Congress of Americanists to be held

at Washington October 5 to 10, 19 14, to be represented

thereat.

The decease was announced of:

Edwin J. Houston, Ph.D., at Philadelphia, on March i, 1914;

set. 67.

Stuart W^ood, Esq., at Philadelphia, on Alarch 2, 1914; ast. 62.

Dr. Samuel W. Stratton read a paper on " Standards of Quality
;"

which was discussed by Dr. Donaldson, Dr. Keller, Mr. Day
and Mr. F. Rawle.

Stated Meeting April j, /p/-/.

William W. Keen^ M.D., LL.D., President, in the Chair.

A letter was received from Senatore Giovanni Celoria express-

ing the grateful thanks of the Committee for 283.25 lire contributed

by the members of this Society as a subscription to the Giovanni

Schiaparelli Memorial.

The decease was announced of:

Edward S. Holden, A.M., LL.D., at West Point on March i6th,

1914; aet. 68.
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Sir John Murra}-, K.C.B., Sc.D., LL.D., at Edinburgh on March

i6th, 1914; set. y;^.

The fohowing papers were read

:

" Explorations in the Hudson Bay Regions with references to

Unusual Topographic and Hydrographic Features and Min-

eral Deposits," by Mr. Ambrose E. Lehman; which was dis-

cussed by Mr. Willcox, Mr. Garrison and Mr. DuBois.

" On Psychology as the Behaviorist Views It," by E. B. Tit-

chener, Ph.D., Sc.D., LL.D.

Stated General Meeting April 2^, 24 and 25, 1914.

William W. Keen, M.D., LL.D., President, in the Chair.

Thursday, April 2j—Opening Session.

The decease was announced of George William Hill, Sc.D.,

LL.D., at West Nyack, N. Y., on April 18, 1914; set. 76.

The following papers were read

:

" The Physical Cause of the Unsymmetrical Equilibrium of the

Earth Between the Land and Water Hemispheres, with a

Theorem on the Attraction of the Terrestrial Spheroid," by

T. J. J. See, Ph.D., U. S. Naval Observatory, Mare Island,

California.

" Some Observations on the Psychology of Juries and Jurors,"

by Patterson DuBois, Esq., of Philadelphia.

" Factors of Influence in the Origin and Circulation of the

Cerebro-Spinal Fluid," by Charles H. Frazier, M.D., Pro-

fessor of Clinical Surgery, University of Pennsylvania. Dis-

cussed by Dr. Crile.

"Aspects and Methods of the Study of the ]\Iechanism of the

Heart Beats," by Alfred E. Cohn, A.B., M.D., Associate in

Medicine, Rockefeller Institute for Medical Resarch, New
York. (Introduced by Dr. Keen.) Discussed by Dr. Keen.

" The Kinetic System," by George W. Crile, M.D., Professor of

Clinical Surgery, Western Reserve University, Cleveland.

Discussed by Dr. Keen and Dr. W. P, Wilson.

" The Hereditary Basis of Certain Emotional States," by Charles
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B. Davenport, A.M., Ph.D., Director of Station for Experi-

mental Evolution (Carnegie Institution), Cold Spring Harbor,

New York.

" Syriac Socrates—A Study in Syrian Philosophy," by W. Ro-

maine Newbold, Ph.D., Professor of Philosophy, University

of Pennsylvania.

" The Evolution of Pine Barren Plants," by John W. Harsh-

berger, Ph.D., Professor of Botany, University of Pennsyl-

vania.

*' Segretion of 'Unit Characters' in the Zygote of Oenothera

with Twin and Triplet Hybrids in the First Generation," by

George Francis Atkinson, Ph.D., Professor of Botany, Cor-

nell University. Discussed by Prof. Bradley M. Davis and

Prof Kraemer.

" The Vegetation of the Sargasso Sea," by William G. Farlow,

Ph.D., LL.D., Professor of Cryptogamic Botany, Harvard

University. Discussed by Prof. Harshberger, Prof. Atkin-

son, and Prof. Farlow.

" A New Type of Oak for America," by William Trelease, Sc.D.,

LL.D.

Friday, April 24.

Executive Session—p:jo o'clock.

William W. Keen, ALD., LL.D., President, in the Chair.

The proceedings of the officers and council were submitted and

the list of nominations for membership recommended for election

this year was reported.

The following resolution recommended by the officers and council

was adopted

:

That a Committee of eight members shall be appointed by the

president at the first executive session of the general meeting in every

3-ear to nominate officers and councillors for the succeeding year.

The president shall be ex-officio a member of this committee, but

shall have no vote except in case of a tie. This committee shall re-

port at the stated meeting on the first Friday in December and its
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report shall be regarded as nominations duly made for the respective

offices. But nothing herein contained shall be considered as restrict-

ing the right of any individual memher to make nominations as pro-

vided in the Laws.

Members are invited to make to this Committee suggestions of

appropriate nominations and it shall be its duty to give full consider-

ation to the same.

The President thereupon appointed the following members to

constitute the Committee: Dr. Hays, Prof. E. W. Brown, Prof. Tre-

lease, Dr. R. S. Woodward, Hon. Qiarlemagne Tower, Dr. Donald-

son, Prof. Gummere, Prof. Farlow.

Aborning Session—9:55 o'clock.

Albert A. Michelson, Ph.D., Sc.D., LL.D., F.R.S.

Vice-President, in the Chair.

The following papers were read

:

" Phase Changes Produced by High Pressures," by Percy W.
Bridgman, Instructor in Physics in the Jefferson Physical

Laboratory, Harvard University. (Introduced by Prof.

Goo'dspeed.) Discussed by Professors Pickering, Hobbs,

Bogert, Noyes and Michelson.

" The Influence of Atmospheric Pressure on the Forced Convec-

tion of Heat from Thin Electric Conducting Wires," by Arthur

E. Kennelly, Sc.D., Professor of Electrical Engineering, Har-

vard University.

" Some New Tests of Quantum Theory and a Direct Determina-

tion of h," by Robert Andrews MiUikan, A.M., Ph.D., Pro-

fessor of Physics, University of Chicago. (Introduced by

Prof. Goodspeed.) Discussed by Prof. Michelson,

Discussion of "A Kinetic Theory of Gravitation "
: (i) Gravi-

tation is Due to Intrinsic Energy of the Ether; (2) Trans-

mission of Gravitation Cannot be Instantaneous, by Charles

F. Brush, Ph.D., Sc.D., LL.D., of Cleveland. Discussed by

Prof. Nipher.
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" Behavior of Metals and Other Substances Under Stress Near

the Rupture Point," by A. A. Michelson, Ph.D., LL.D., Pro-

fessor of Physics, University of Chicago. Discussed by Prof.

E. W. Brown, Mr. Bridgman, and Mr. Brush.

" On Highly Radio-Active Solutions," by William Duane, A.M.,

Ph.D., Assistant Professor of Physics and Research Fellow

of the Cancer Commission, Harvard University. (Introduced

by Prof. Goodspeed.) Discussed by ]\Ir. Brush and Dr.

Donaldson.

" Some Further Considerations in the Development of the Elec-

tron Conception of Valence," by K. G. Falk, of the Harriman

Research Laboratory, Roosevelt Hospital, New York. (In-

troduced by Prof. Bogert).

"The Valence of Nitrogen in Ammonium Salts," by William

Albert Noyes, Ph.D., LL.D., Professor of Chemistry, Uni-

versity of Illinois, and R. S. Potter. (Introduced by Prof.

H. C. Jones.)

" Determination of the True Atomic ^^'eight of Radium," by

Gustavus Hinrichs, of St. Louis.

Afternoon Session—2 o'clock.

Edward S. Pickering, D.Sc, LL.D., F.R.S.,

Vice-President, in the Chair.

Dr. Cyrus Adler in presenting a portrait of the late Samuel Pier-

pont Langley, LL.D., a former Vice-President of the Society, spoke

as follows

:

On behalf of a number of members of the Society I have the

honor to present a portrait of Samuel Pierpont Langley, a former

member and A'ice President of the American Philosophical Society.

Mr. Langley, the third Secretary of the Smithsonian Institution,

was a man of national and international fame which rested primarily

upon his epoch making researches in solar physics. All of the

recognition which came to him was based upon his discoveries in

physics and astronomy. But he was also a pioneer in another field,

being the first distinguished man of science to devote himself to the
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subject of aerial navigation, at a time when this was not considered

within the reahn of scientific study. The mere fact that a man of

his reputation and position gave serious attention to this important

subject lent it an impetus and standing which it would not have

otherwise received for many years and therefore greatly advanced

the development of this science and art. But he did more than

give an impetus, for he not only discovered principles of prime

importance in connection with aerodynamics, but was the first to

produce a machine heavier than air, supported and propelled by its

own engine and possessed of no extraneous or lifting power which

actually made an independent flight.

The first flight of a heavier than air machine which ever occurred

took place over the Potomac River on May 6, 1896 and was succeeded

by numerous other flights of various models, which he built, all of

the monoplane type.

He had received honorary degrees from Oxford and Cambridge

Universities in England and from Harvard, Michigan, Princeton

and Wisconsin in the United States. Medals were awarded him

by the National Academy of Sciences, the Royal Society of London,

the American Academy of Arts and Sciences, the Institute of France

and the Astronomical Society of France and he was a member or

correspondent of all of these and many other learned Societies in-

cluding the Academia dei Lincei of Rome.

He had an especial aft'ection for the American Philosophical So-

ciety, one of the few organizations in which he accepted an office.

In addition to these great achievements, Mr. Langley was a

man of wide culture and of deep sympathy and insight. That I

was permitted to enjoy his friendship was one of the most pro-

foundly valued and touching experiences of my life.

[The donors are Messrs. Cyrus Adler, Carl Barus, L. A. Bauer,

Alex. Graham Bell, John A. Brashear, George F. Edmunds, George

E. Hale, David Jayne Hill, George Gray, T. C. Mendenhall, Charles

E. Munroe, Edward L. Nichols, Richard Olney, Henry Fairfield

Osborn, Edward C. Pickering, Raphael Pumpelly, Edward B. Rosa,

Frank Schlesinger, Samuel W. Stratton, Mayer Sulzberger, Elihu

Thomson, Otto H. Tittmann, Charles D. Walcott, Andrew D.

White and Robert S. Woodward.]
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Vice-President Pickering in accepting the portrait, said

:

My acquaintance with Samuel Pierpont Langley goes back to the

winter of 1870, when we crossed the ocean together to observe the

total eclipse of the sun, in Spain. We maintained an unbroken

friendship until his death, nearly forty years later. As a young man
he was enthusiastic, and full of hope for the future. When placed

in charge of the observatory at Pittsburgh, he found that the smoke

in the atmosphere rendered stellar observations difficult. He there-

fore selected the sun as his object for study, since the smoke by cut-

ting ofif the heat, rendered the air more steady. A skillful draughts-

man, his drawing of that complicated object, a large sunspot, is

probably the best ever made. In accepting the position of secretary

of the Smithsonian Institution, he stipulated that he should be

enabled to continue his scientific investigations. This led to the estab-

lishment of the astrophysical observatory, which has continued and

extended his work to the present time. He devoted many years to

the construction and improvement of the bolometer, one of the most

delicate devices for measuring heat, and a most difficult instrument

to adjust and use. For many years, the question of artificial flight

had an absorbing interest for him. His investigations were long and

laborious, and finally he attained success with a small model. When
constructing a larger instrument, his sensitiveness induced him to

avoid publicity, thus greatly annoying those whose business it is to

keep the public informed of the latest news. They had their revenge

when a misplaced nail in his launching apparatus ruined his aeroplane

on its trial trip, and the subsequent ridicule and criticism saddened

his last days, and shortened his life. The success of aerial naviga-

tion is largely due to his work, which has only received the credit it

deserves since his death.

Langley, by his devotion to the advancement of human knowledge,

well deserves a place among those whose portraits adorn these walls,

and in the name of the American Philosophical Society held at Phila-

delphia for Promoting Useful Knowledge, I accept this portrait and

extend grateful acknowledgments to the donors.

The following papers were read

:

" The Magnetic Phenomena of Sun-spots."
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"The General Magnetic Field of the Sun." (Illustrated with

lantern slides.) By George E. Hale, Ph.D., LL.D., F.R.S.,

Director of the Solar Observatory of the Carnegie Institution

at Mt. Wilson, Cal.

" On the Colors of the Stars in the Cluster M 13," by Edward E.

Barnard, Sc.D., LL.D., Astronomer of the Yerkes Observ-

atory, Williams Bay, Wis.

" The Use of a Photographic Doublet in Cataloguing the Posi-

tion of Stars," by Frank Schlesinger, ALA., Ph.D., Director

of the Allegheny Observatory, Allegheny Pa. Discussed by

Prof. Pickering.

" The Distribution in Space of 90 Eclipsing Stars," by Henry

Norris Russell, Ph.D., Professor of Astronomy, Princeton

L^niversity.

" The Eclipsing variable Stars il/ Orionis and 88 d Tauri," by

Harlow Shapley, Ph.D., of Princeton University Observatory.

(Introduced by Prof. H. N. Russell.)

" Some Features of The IMoon's Motion and a Problem in

Isostasy," by Ernest W. Brown, M.A., Sc.D., F.R.S., Professor

of Mathematics, Yale • University.

" The United States as a Factor in World Politics," by Leo S.

Rowe, Ph.D., LL.D., Professor of Political Science, Univer-

sity of Pennsylvania.

"A Sumerian Nature Hymn from Nippur, of the Time of the

Dynasty of Agade, 2800-2600 B. C," by George A. Barton,

Ph.D., Professor of Biblical Literature, Bryn Mawr College.

Evening Sessioii—S:i^ o'clock.

Arthur L. Day, Ph.D., Director of the Geophysical Laboratory

of the Carnegie Institution of Washington, gave an illustrated

lecture on " Some Observations of the Volcano Kilauea in

Action."
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Saturday, April 2^.

Executive Session—p;jo o'clock.

William W. Keen, AI.D., LL.D., President, in the Chair.

Prof. George F. x\tkinson and Prof. Charles Edwin Bennett, re-

cently elected members, subscribed the Laws and were admitted into

the Society.

Pending nominations for membership were read and spoken to.

Mr. J. Edward Whitfield and Dr. James McKeen Cattell were

appointed tellers of election and the Society proceeded to ballot for

members.

The tellers of election reported that the following nominees had

been elected to membership

:

Residents of the United States.

Charles Greeley Abbot. S.B., Washington.

James Wilson Bright, Ph.D., LL.D., Litt.D., Baltimore.

Bradley Moore Davis, A.M., Ph.D., Philadelphia.

Thomas ^IcCrae, A.B., M.D., Philadelphia.

William Diller Matthew, A.M., Ph.D., New York.

Alfred Goldsborough Mayer, Ph.D., M.E., Washington.

Samuel Jones Meltzer, ALD., LL.D., New York.

John Campbell Merriam, B.S., Ph.D., Berkeley, Cal.

Robert Andrews ]\Iillikan, A.M., Ph.D., Chicago.

Wilham Albert Noyes, Ph.D., LL.D., Urbana, 111.

Stewart Paton, M.D., Princeton.

Richard Mills Pearce. Jr., ALD., Philadelphia.

Palmer Chamberlaine Ricketts, C.E., LL.D., Troy.

Harold A. Wilson, M.A., D.Sc, F.R.S., Houston.

Frederick Eugene Wright, Ph.D., Washington.

Foreign Residents.

Shibasaburo Kitasato, M.D., Tokyo.

Heike Kamerlingh Onnes, Ph.D., Leyden.

Vito Volterra, Sc.D., Ph.D., Rome.
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Morning Session—lo o'clock.

William B. Scott, Sc.D., LL.D., Vice-President, in the Chair.

The following papers were read

:

"Primary Cambrian Manganese Deposits of Newfoundland,"

by Nelson C. Dale, Fellow, Princeton University. (Intro-

duced by Prof. W. B. Scott.)

" Geology of the Wabana Iron Ores of Newfoundland," by

Albert O. Hayes, Fellow, Princeton University. (Introduced

by Prof. W. B. Scott.)

" Hewettite, Metahewettite and Pascoite, Hydrous Calcium

Vanadates," by W. F. Hillebrand, Ph.D., H. E. Alerwin and

Frederick E. Wright, Ph.D., of U. S. Geological Survey.

"The Relations of Isostasy to a Zone of Weakness—the Asthe-

nosphere," by Joseph Barrell, Ph.D., Professor of Structural

Geology, Yale University. (Introduced by Prof. Charles

Schuchert.)

" Evidence for a Pulsational Change of Climate in the Libyan

Desert," by William H. Hobbs, Ph.D., Professor of Geology,

University of Michigan.

" The Cretaceous-Tertiary Boundary in the Rocky IMountain

Region," by F. H. Knowlton, U. S. Geological Survey. (In-

troduced by Prof. John ]\I. Clarke.) Discussed by Prof. W.
B. Scott.

" The Geologic and Biologic Results of a Study of the Tertiary

Floras of Southeastern North America," by Edward W.
Berry, Associate Professor of Paleontology, Johns Hopkins

University. (Introduced by Prof. William B. Clarke.) Dis-

cussed by Prof. W. B. Scott.

"On Multiple Treatment of One and the Same Story 'Motif,'"

by Maurice Bloomfield, Ph.D., LL.D., Professor of Sanskrit,

Johns Hopkins University.

" Some Biblical Miracles," by Paul Haupt, Ph.D., LL.D., Pro-

fessor of Semitic Philology, Johns Hopkins University.

" The Sumerian Pronunciation of the Name ' Ninib ' as the

Chief Deity of Umma," by Alfred T. Clay, Ph.D., Laffan
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Professor of Assyriology and Babylonian Literature, Yale

University.

" Panama Tolls and Tonnage Rules," by Emory R. Johnson,

Ph.D., Professor of Transportation and Commerce, Univer-

sity of Pennsylvania.

" Passamaquoddy Morphology," by J. Dyneley Prince, A.B.,

Ph.D., Professor of Semitic Languages, Columbia University,

New York,

Afternoon Session—2 o'clock.

William W. Keen, M.D., LL.D., President, in the Chair.

Prof. William Albert Noyes, of Urbana, 111., and Prof. Bradley

jMoore Davis, of Philadelphia, newly elected members, subscribed

the Laws and were admitted into the Society.

Dr. William G. Farlow unveiled a Wedgwood medallion por-

trait of the late Sir Joseph Dalton Hooker, 0.]\L, G.C.S.L, C.B. and

spoke as follows

:

Today we are so fortunate as to be able to add a medallion of

one of the world's great botanists to the already large number of

memorials of distinguished men which adorn this Hall and give it a

dignity which is justly envied by other scientific societies in this

country. Joseph Dalton Hooker, the more distinguished son of a

distinguished father, was born in Halesworth, Suffolk, England, in

1817 and, retaining his scientific activity until the last, died at Sun-

ningdale in 1911, a record very rarely equalled.

When four years of age his father, Sir William Hooker, re-

moved to Glasgow, where he had been appointed Professor of Botany

in the LTniversity, so that from his early childhood, the son was placed

in surroundings which naturally pointed to botany as his life work.

While a student of medicine. Hooker had the opportunity of

reading the proofs of Darwin's " \ oyage of the Beagle" which

aroused in him an intense desire to travel. This desire was for-

tunately soon gratified, for immediately after receiving the degree

of Doctor of Aledicine in 1839, he was appointed assistant surgeon

and botanist to the Erebus under the command of Sir James Ross,

then about to start on his memorable voyage to the Antarctic regions.
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On his return in 1843 Hooker made his home at Kew where his

father had been appointed director of the Royal Gardens. He was

appointed assistant director in 1855 and, on the death of his father

in 1865, director, which position he held till his retirement twenty

years later. We always think of Hooker as at Kew. It was there,

aided by the large collections formed in great part by his father and

himself, that he finished his different floras ; there that he brought

to perfection the Garden which had been raised by his father from

insignificance to be the leading botanical garden of the world ; there

that many American botanists were received with a cordiality doubly

welcome because they were encouraged by his sympathy and aided

by his advice.

Hooker was undoubtedly the leading botanical systematist of his

day. For this branch of botany he not only had great natural ability,

but he also had opportunities for studying in the field the floras of

distant and little-explored regions such as few trained botanists have

had. Besides his Antarctic voyage, when he visited New Zealand

and Tasmania as well as more southern regions, he spent the years

1848 to 185 1 in an exploration of the Himalayas in company with

Thomas Thomson,—an expedition involving great hardships among

hostile people, but rich in results, and later he made trips to Palestine

and Morocco. On his last long journey in 1877, he travelled with

his old friend, Asa Gray, among the Rocky Mountains and in Cali-

fornia.

On this occasion we need not consider in detail Hooker's various

descriptive works on the floras of the countries he had visited, nor

works like the great " Genera Plantarum," written in collaboration

with Bentham, technical systematic treatises belonging to the classics

of botany. Let us recall rather those qualities of Hooker which

made him more than a systematist, which entitled him to rank with

Darwin, Wallace, Lyall and Huxley in the brilliant group of natural-

ists which has never been surpassed, if it has ever been equalled, in

any other country. Like Darwin, Hooker began his botanical career

as an explorer of remote regions. The delightful account of the

"Voyage of the Beagle" has its counterpart in the "Himalayan

Journals " of Hooker. In both we recognize the fact that the
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authors were something more than interesting relators of what they

had seen. To them biological facts were only significant as indicat-

ing so many steps in the sequence of cause and effect. The genius

of Darwin was manifested in his ability to see clearly in the begin-

ning of his career the true direction in which the facts he had ob-

served pointed, so that his lifework was unified, one step leading

inevitably to another in the development of a great theory. It was

much the same with Hooker. The writings which mark him as a

philosophical botanist are the " Introductory Essay to the Flora of

Tasmania"; the "Essay on the Distribution of Arctic Plants"; the

" Discourse on Insular Floras " ; the address at York on " Geo-

graphical Distribution," and the " Essay on the Vegetation of India,"

publications extending over a period of forty years.

The study of plant distribution involving a consideration of the

geological phenomena which could account for it, and also of the

question as to the effect of altered environment in modifying the

characters of plants, naturally led to the fundamental question:

What are Species and what are Varieties? One who, like Hooker,

was master of the facts and without prejudice, could not fail to

recognize that species are not fixed creations, but transitional stages

in the progress of evolution. Hooker was a Darwinian even before

the appearance of the " Origin of Species." It has been said with

truth that, with the exception of Wallace, Hooker was the first

adherent of Darwin in his views on evolution. How much that

means is hardly realized at the present day. With us the question

is not whether there is such a thing as evolution in plants and ani-

mals. We accept evolution as a fact, and, if there be any question,

it is as to whether the explanation of the mode of its operation as

presented by Darwin was satisfactory in all its details. In 1859,

however, the date of the publication of the " Origin of Species," and

for a considerable number of years later it required a good deal of

courage as well as an unbiased mind for anyone, especially for an

Englishman, to declare his assent to the revolutionary views advanced

by Darwin.

In closing I may be permitted to repeat the words describing the

position of Hooker among botanists on the occasion of the presen-

tation to him of the Linnean gold medal at Stockholm in 1907.
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" By scientific expeditions to many different parts of the world he has

revealed the secrets of their vegetation. His extraordinary experience em-
braces both the nature of tropical India as also the subtropical and temperate

climates, as well as of the cold antarctic regions. The contents of his floristic

works are therefore exceedingly rich. He has furthermore enriched botany

by splendid works in other departments of this science, for instance concern-

ing the geographical distribution of plants, their classification and other

matters."

I have the honor of unveiling the medallion of Sir Joseph Dalton

Hooker, the energetic explorer, the eminent systematist, the dis-

tinguished investigator of the problem of plant evolution.

The following papers were read

:

" The Burgess Shale Fauna of the Canadian Rockies," by

Charles D. Walcott, Ph.D., Sc.D., LL.D., Secretary of the

Smithsonian Institution, Washington.

" Summary of Researches, Department of Terrestrial Magnet-

ism, 1904-14." (Illustrated.) By Louis A. Bauer, Ph.D.,

D.Sc, Director of the Department of Terrestrial Alagnetism

of the Carnegie Institution, Washington, D. C. Discussed by

Prof. Pickering.

Symposium on Physics and Chemistry of Protoplasm

:

" The Germ Plasm as a Stereochemic System," by Edward

T. Reichert, M.D., Prof. Physiology in Univ. of Penna.

(Introduced by Dr. Keen.)

"Arrangement and Distribution of Substances in the Cell,"

by Edwin Grant Conklin, Ph.D., Sc.D., Professor of

Zoology at Princeton University.

"Vital Staining of Protoplasm," by Herbert McLean Evans,

M.D., Associate Professor of Anatomy, Johns Hopkins

University. (Introduced by Prof. Piersol.)

"The Physical State of Protoplasm," by G. L. Kite, M.D.,

Ph.D., Phipps Institute, Philadelphia. (Introduced by

Prof. McClung.)

"The Physico-Chemical Organization of the Cell," by Law-

rence J. Henderson, A.B., M.D., Assistant Professor of

Biological Chemistry, Harvard University. (Introduced

by Dr. H. F. Keller.)
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Stated Meeting May i, 1914.

William W. Keen, M.D., LL.D., President, in the Chair.

Dr. Thomas McCrae, of Philadelphia, a newly elected member,

subscribed the Laws and was admitted into the Society.

Letters accepting membership were received from

:

Charles Greeley Abbot, S.B., Washington.

Bradley Moore Davis, A.M., Ph.D., Philadelphia.

Thomas McCrae, A.B., M.D., Philadelphia.

Samuel James Meltzer, M.D., LL.D., New York.

William Albert Noyes, Ph.D., LL.D., Urbana, 111.

Stewart Paton, M.D., Princeton.

Richard Mills Pearce, Jr., M.D., Philadelphia.

Palmer Chamberlaine Ricketts, C.E., LL.D., Troy.

Frederick Eugene Wright, Ph.D., Washington.

The list of donations to the library was laid upon the table and

thanks were ordered for them.

The decease was announced of George F. Baer, at Philadelphia,

on April 26, 1914, in the 72d year of his age.

Prof. J. Russell Smith read a paper on " Tree Breeding with Re-

lation to Conservation and the Food Supply," which was discussed

by Prof. Bradley M. Davis and Dr. Keen.

Hon. Charlemagne Tower, Chairman, presented and read at

length the report of the Committee on the Date of Origin of the

Society.

On motion, by unanimous vote, the report was accepted ;, the year

1727 was declared to be the date of foundation of the Society, in

accordance with the finding of the committee ; and the committee

was discharged with the thanks of the Society for its exhaustive

report.

Stated Meeting October 2, 19 14.

William W. Keen, M.D., LL.D., President in the Chair.

Dr. Richard Mills Pearce, a newly elected member, subscribed

the Laws and was admitted into the Society.

Letters accepting membership were received from

:

James Wilson Bright, Ph.D., LL.D., Litt.D., Baltimore.
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William Diller Matthew, A.M., Ph.D., New York.

Alfred Goldsborough Mayer, Ph.D., M.E., Washington.

John Campbell Merriam, B.S., Ph.D., Berkeley.

Robert Andrews Millikan, A.M., Ph.D., Chicago.

Harold A. Wilson, M.A., D.Sc, F.R.S., Houston.

Shibasaburo Kitasato, M.D., Tokyo.

Heike Kamerlingh Onnes, Ph.D., Leyden.

Vito Volterra, Sc.D., Ph.D., Rome.

Invitations were received

:

From the Ohio State Archaeological and Historical Society, to

be represented at the dedication of its Museum and Library

Building, at Columbus, on May 30th.

From the University of Missouri, to be represented at the 75th

Anniversary of its founding on June 3d.

The decease was announced of the following members

:

Edward Suess, Ph.D., at Vienna, on April 29, 1914, aet. y^)-

William Aldis Wright, LL.D., D.C.L., Litt.D., at London, on

May 19, 1914.

John Robert Sittlington Sterrett, Ph.D., LL.D., at Ithaca, N. Y.,

on June 16, 1914, set. 63.

Frederick William True, M.S., LL.D., at Washington, on June

25, 1914, set. 56.

John Barnard Pearse, at Roxbury, Mass., on August 24, 1914,

set. 72.

Morris Longstreth, A.M., M.D., at Barcelona, Spain, on Sept.

19, 1914, set. 68.

Special Meeting October 50, 1914.

William W. Keen, M.D., LL.D., President in the Chair.

A paper was read on "A new Means of Studying Submarine

Animal and Vegetable Life," illustrated by moving pictures of trop-

ical deep sea flora and fauna.
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Stated Meeting November 6, 19 14.

William W. Keen, M.D., LL.D., President, in the Chair.

The decease of the following members was announced

:

Leon de Rosny, at Fontenay-aux-Roses (Seine), on August 28,

1914, set. 78.

Theodore Nicholas Gill, M.D., Ph.D., at Washington, on Sep-

tember 25, 1914, set. yy.

The following papers were presented

:

" On Wireless Longitude Determination," by Eric Doolittle.

Discussed by Professor C. L. DooHttle, Professor Snyder, Mr.

Mitchell and Professor Miller.

" On the Production of an Artificial Hiss," by E. B. Titchener,

Ph.D., D.Sc, LL.D.

Stated Meeting December 4th, 1914.

William W. Keen, M.D., LL.D., President, in the Chair.

An invitation was received from the Chairman of the nth An-
nual Conference of Historical Societies to be held in Chicago in

connection with and as part of the Thirtieth Annual Meeting of the

American Historical Association, December 28 to 31, to participate

in the conference by appointing delegates.

The decease was announced of

August Weismann, D.Ph., D.C.L., at Freiburg on November

5, 1914, set. 80.

Charles Sedgwick Minot, M.D., Sc.D., LL.D., at Boston on No-

vember 19, 1914. set. 61.

Alfred Thayer Mahan, LL.D., D.C.L., Rear Admiral U.S.N, at

Washington on December i, 1914. set. 74.

Dr. John Mason Clarke of Albany read a paper on " The Mag-

dalen Islands—a Relict Archipelago," which was discussed by ]\Ir.

Willcox and Prof. Pilsbry.
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Electrocardiogram from a dog. The upper curve taken during stimulation (signal above) of the right vagus nerve. The lower curve taken during stimulation of the left vagus nerve. Divisions of the

ordinates are o.i millivolt; of the abscissae, 0.04 seconds.
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